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ABSTRACT 
Influence of Storage Duration, Temperature, and 
Oxygen on Quality of Stored 
Dehydrated Foods 
by 
Omima Ali Darag, Master of Science 
Utah State University, 2003 
Major Professor: Dr. Deloy Hendricks 
Department: Nutrition and Food Scienc:eo; 
This study was undertaken to determine the effect of oxygen absorber packets 
(OAP) (AGELESS 2.300 E) in improving the shelf-life of selected dried food products, 
i i 
including dried potato pearls, dried sliced apple, dried carrot, white rice, nonfat dry milk, 
all purpose flour, rolled oats, and wheat. Items were stored at four different temperatures 
(-20, 10, 21, and 29.5°C) over a period of 24 months with observations at 6-month 
intervals. Hunter colorimeter, thiobarbituric acid reactive substance (TBARS) 
germination rate, gluten weight, and volume were parameters used as quality indicators 
of various dried foods . 
Statistical analysis indicated a significant time and temperature effect for almost 
all the stored products. Storage at a high temperature (29.5°C) renders OAP ineffective in 
reducing browning during storage. Potato pearls, dried sliced apple, and dried carrot 
iii 
exhibit darkening by the first 6 months of storage at 29.5°C regardless of oxygen status 
of the container. White rice showed yellowing under the same conditions. Most of the 
dried food products that were stored at 10 and 21 °C with or without oxygen absorber 
packets maintained their color as indicted by a relatively constant lightness reading (L *) 
over time. TBARS values rose in all stored food with increasing storage time, especially 
when the dried products were stored at higher temperature (29.5°C). Statistical analysis 
indicated a significant OAP effect in reducing TBARS concentration over time. 
Germination of wheat kernel was reduced to less than 80% after 24 months of 
storage at 29.5°C. However, when stored with oxygen absorber packets, germination 
was still 86%. Storage length and temperature are the primary factors that determine the 
quality of home-stored dried food items. 
(114 pages) 
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INTRODUCTION 
There is a growing concern in America about world events, natural disasters, 
terrorism, and the economy. This concern brings up the issue of food security, which 
implies having access at all times to enough food for an active healthy lifestyle. Two 
distinct variables that are central to the attainment of food security are food availability 
and food quality. Food availability implies sufficient quantities of appropriate and 
necessary type of food from domestic production. While food quality requires that the 
food is processed and stored under optimum conditions. For this reason families are 
starting to realize the importance of prudent planning for the future. Long term food and 
water storage is another form of insurance, given the fact that people cannot survive long 
without them. The family is extremely vulnerable to events over which they have no 
control. 
Food supply in America is dangerously low, there is only a three week supply of 
food in the national food distribution network (Food storage, 2003). Grocery stores have 
about a one week supply of food. Most households today have less than a week's supply 
of food on hand. In order for a household to be prepared for emergency and be able to 
provide essential food and water for family survives, at least a three month supply of 
stored food per person must be provided. Since 1936 The Church of Jesus Christ of 
Latter-Day Saints has encouraged its people to maintain a year's supply of food and other 
necessary to maintain life and health (Driscoll eta!., 1985). 
Food storage is practiced by an estimated 67% of the families in Utah many of 
these families have stored food items for over five years, the majority of homes in Utah 
2 
have storage sites that exceed 21 °C at least once in a year (unpublished data). These 
conditions raise the issue of food palatability. Under long term storage at high 
temperature undesirable changes occur to food taste, texture, color, and cooking qualities. 
For instance plant tissue such as apple, banana, carrot, and potato exhibit extensive 
browning during their drying and subsequent storage (Krokida et al., 2001). 
Oxygen absorber packets have been developed to decrease oxidative changes in 
dried food items. In addition to oxidative rancidity, color, texture, and functional 
properties all influence quality of stored foods. The quality of dehydrated foods depends 
not only on the quality of raw material, but also on the changes occurring during 
processing and storage. These quality features are influenced by storage temperature, 
light, moisture, anc! a~mosphetic conditions as well as by the characteristics of the food 
itself. 
This study was designed to investigate the influence of oxygen absorber packets, 
storage temperature and storage duration on the quality of stored dried food items. 
Quality indicators evaluated include color, thiobarbituric acid-reactive substances 
(TBARS), and functional properties. 
3 
LITERATURE REVIEW 
Dehydration of foods is a major business in the U.S that involves many different 
types of processes and covers a diverse range of food materials. The method of choice to 
be used to produce a dried food product is based on quality and economic factors 
(Labuza, 1971). As a direct result of the dehydration method the physiochemical changes 
that occur affect the quality of the dehydrated products. As reported by Krokida et al. 
(2001), the final products of conventional air-drying are characterized by low porosity, 
high apparent density and significant color changes. Osmotic pretreatment and freeze-
drying are process that produce products with improved color characteristics by 
preventing enzymatic browning. The quality of dehydrated foods depends not only on 
the initial quality of raw material but also on the changes that occur during processing 
and storage (Villota et al., 1980). 
The major factors that affect the storage stability of dehydrated food items include 
atmospheric oxygen, moisture content of the food, and storage temperature. These 
factors interact to effect color, oxidation, physical, and chemical properties of the stored 
food , thus affecting food quality. 
Oxygen concentration 
Oxygen headspace has a deleterious effect on the quality of many products. 
Oxygen is a major source of food discoloration and can also affect nutritional quality 
(Aggett, 1991). As reported by Dietrich and Karel (1971), oxygen uptake by food 
products may lead to enzymatic browning, lipid oxidation, or oxidation of proteins, 
vitamins and many other food components. Lipid oxidation is the most common 
mechanism of oxygen uptake in dried foods and is responsible for very high oxidation 
rates, such as those observed in potato chips. This may also result in significant flavor 
deterioration even when oxygen uptake is relatively low, as in potato flakes. Several 
studies indicate that elimination of oxygen contributes to an increase in the storage 
stability of many food products. Oxygen in packaged food causes a product to lose 
freshness, appearance, taste and nutrition through oxidative deterioration. Bishov et al. 
(1971) has achieved excellent flavor retention and quality in dehydrated foods. This was 
done in a "Zero" oxygen headspace, where an atmosphere of 5% hydrogen in nitrogen is 
used. Products stored in "Zero" oxygen have been found to be of superior quality to 
those stored in 2% oxygen. Storage of brown rice under modified atmospheres such as 
carbon dioxide flushing and under V£l.cnum has shown slow chang~s in odor end f!avor 
(Sharp and Timme, 1986). Addition of sulfite to food products before drying is 
considered as a treatment that inhibits both enzymatic and non-enzymatic browning 
during storage. But recently, FDA has limited sulfate use in food products due to its 
adverse effects in some asthmatics (Code Federal Regulation, 2003). 
4 
In nonfat dry milk, reduction in oxygen is needed to give sufficient shelf-life at 
room temperature. According to Labuza (1971), the shelf life of foam dried milk is up to 
3 weeks, if the oxygen level is 1%, and is 4-5 months at 0.1% oxygen. Canned sweet 
potato and carrot flakes stored with a headspace containing less than 2% oxygen showed 
minor losses of ~-carotene (Deobald and McLemore 1964; Stephens and McLemore 
1969). Vacuum packaging of sweet potatoes resulted in 65% of~- carotene retention 
after 210 days of storage (Emenhiser et al., 1999). Addition of antioxidants provides a 
modest protection against oxidation of~- carotene during storage. An additional 
5 
improvement in I)-carotene retention was seen when oxygen absorbers (OAP) were used. 
According to Emenhiser et al. (1999), the use of oxygen absorber packets can be credited 
with 99% of I)-carotene retention in sweet potatoes after 210 days of storage. Bolin and 
Steele (1987) found that dried apples packed with oxygen absorber packets darkened less 
during storage than apples stored in atmospheric conditions. Oxygen absorbers can also 
protect foods that contain fats and oils from discoloration and deterioration by prohibiting 
oxidation. This can be seen in products such as beef, nuts, and fried potato products. 
Beans, rice, com, and wheat can also be protected from insect damage during storage by 
the use of oxygen absorbers where insects' larvae cannot survive without oxygen (Abe 
and Kondoh , 1989). 
It is generally recognized that much of the food d~tcrioration i~ caused by the 
presence of oxygen and thus many methods for oxygen elimination has been developed, 
such as gas flushing and vacuum packaging. However these physical methods of oxygen 
elimination do not have maximal effects due to the small amount of oxygen (2-3%) that 
remains in the package (Abe and Kondoh, 1989). Much of the deterioration in flavor, 
color, oxidation, and mold germination occur in the presence of this small amount of 
residual oxygen (Abe and Kondoh, 1989). Oxygen absorbers reduce the oxygen 
concentration from the headspace to less than 0.01 % (Sayer, 1991), they are considered 
as a new technology that replaces or supplements inert gas replacement and vacuum 
packaging. 
In the early literature several papers reported efforts to preserve food products 
using different oxygen absorbers. The first method of oxygen removal using oxidized 
6 
substances was reported in 1920. Another method was introduced in the 1960's using 5% 
hydrogen in nitrogen with palladium catalysts (Bishov et al., 1971). 
According to Sayer (1991), the recent introduction of oxygen absorbers adds one 
more modified atmosphere packaging system. Mitsubishi Gas Chemical Company Inc 
developed the basic principle of oxygen absorbers based on iron powder in 1977. They 
currently control about 70% of the market share. 
Oxygen-absorbing systems used in packaging can be divided into five major 
categories including metal-complex scavengers, nonmetal chemical-complex scavengers, 
photosensitive dye scavengers, enzyme scavengers, and synthetic heme-complex 
scavengers. In most metal-complex oxygen scavengers, iron is the active compound. 
This is hec:ause iron can be rer;ulated, is relatively in~xpensiv~. i.s safe, has FDA 
clearance, and has a greater affinity to oxygen than most food products. The common 
iron complex is contained in sachets, which are placed into the food package. These 
sachets are used in Japan and Europe for different products, such as bakery (bread and 
pastries), precooked pasta, nuts, coffee and dried foods (Labuza and Breene, 1989). 
The amount of iron needed in the sachet depends upon the initial level of oxygen 
in the headspace, the amount of dissolved oxygen in the food, and the packaging 
permeation rate. Generally lg of iron can react with 0.0136 mol of oxygen, which is 
equal to -300cc according to the following chemical mechanism: 
Fe _.Fe 2+ + 2e· 
lh Oz + H20 + 2e· __. 2H-
Fe 2+ + 20H- __.. Fe(OH)z 
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Fe (OHh + 1/4 02 + 1/2 H2~ Fe(OH)3 
The rusting process will lead to formation of the brown hydrated oxide 
Fe20 3.3H20. The use of oxygen absorbers in a sealed container can yield intra-package 
oxygen levels of less than 0.01% where the rate of oxygen absorption depends on oxygen 
concentration and humidity. Smith et al. (1986) reported that an iron based oxygen 
absorber (AGELESS) could yield intra-package levels of oxygen less than 0.05%. These 
benefits were seen when oxygen absorber packets were incorporated into packages of 
crusty rolls, where the product remained mold free for more than 60 days . The low 
oxygen levels car. be maintained by following a few guidelines: 
1. Choose the correct packet size and type to absorb the oxygen in the headspace 
within the required time. 
2. Use a packaging material with a low oxygen transmission rate and complete 
sealing. 
3. There must be a free flow of gas around the product if the oxygen absorber is 
to be effective. 
4. Proper handling of the oxygen absorber packet as excessive exposure of the 
packet to the environment before use will reduce its performance. 
Temperature and moisture content 
Moisture and storage temperature are the principal environmental factors 
influencing shelf life of foods, with moisture more critical than temperature (Bass, 1980). 
Moisture content is an important parameter in the stability of dehydrated food. According 
to Tronsmo and Hoftun (1984), storage temperature and humidity are the most important 
factors after harvesting that influence storage life. The lower the moisture content of 
dehydrated products, the longer its shelf life at a given temperature. 
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In 1927, Holm eta!. concluded that moisture was the critical factor determining 
storage quality of dry whole milk. In this study, milk was stored at temperatures ranging 
from 3 to 30°C, and with moisture content between 1.5 and 3.4%. 
The maximum moisture level recommended for wheat storage is 14% (Hoseney, 
1986). Temperature and moisture has a great effect on the percentage germination of 
wheat. Decrease in germination rate is considered as an indicator of grain deterioration 
(Kreyger, 1972). Research by AI-Yahya (2000) revealed that a slow decrease in 
germination takes place at a high moisture level (24% ), low temperature 4 °C and low 
level of damage. However a rapid decrease ir, germination during storage takes place at a 
high moisture level (24% ), high temperature 40°C and high level of damage (30% ). Gras 
eta!. (1989) reported that the major factors affecting yellowing in rice were the storage 
temperature and water activity. Milled rice, stored for a long period, exhibited a 
significant change in texture and sensory properties (Perez and Juliano, 1981). 
The equilibrium relative humidity (E.R.H) is an important factor in determining 
storage requirement. Mossel and Ingram (1955) suggested some relative humidity limits 
that were required for microbial growth. Although dehydration is known to protect foods 
against microbial growth, dehydrated products often suffer deterioration in storage. 
During prolonged storage at relatively low temperatures most dehydrated foods 
show a slow degradation in quality. As the storage temperature increases, there is a 
pronounced reduction in shelf life of stored foods. Driscoll et a!. (1985) reported that 
samples of nonfat dried milk stored at 32°C for 1 year show a significant decrease in 
palatability compared to samples stored at 21 °C, which were rated acceptable up to 28 
months of storage. According to Sharp and Timme (1986), storage of brown rice at cool 
temperature (3°C) results in lower levels of free fatty acids and less change in odor and 
flavor compared to those stored at higher temperatures. 
Color degradation 
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Several deteriorative reactions affect the color, nutritive value, texture and flavor 
of dehydrated vegetables during storage. It has been observed that when foods are stored 
for a long period, or when the storage temperature increases, some foods darken or 
become brown in color (McMahon, 1978). Browning reactions between sugar and amino 
acids are considered the major cause of undesirable dark color during storage (Toribio 
and Lozano, 1984). The non-enzymatic browning reaction plays an important role in the 
production of undesirable flavor compounds, decrease in nutritional quality and in the 
development of brown color (Min et al., 1990). Non-enzymatic browning is a general 
term applied to a number of diverse reactions. 
There are two broad types of non-enzymatic browning reactions associated with 
color changes in food products during storage. The most common type of browning 
reaction is the amino- carbonyl (Maillard Reaction) that include a combination of 
aldehyde, ketones or a reducing sugar with amino-acids, peptides or protein, simple 
amino acids on the other hand react on warming with certain sugars to form brown 
products (Bolin and Steele, 1987). 
For the Maillard reaction to occur, cettain amino acids such as glycine and lysine 
and also certain reducing sugars are required. One way of preventing this reaction would 
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be through modification of E-amino groups of fruit by methylation with formaldehyde or 
by ethylation with acetyldhyde (Bolin and Steele, 1987). As reported by Mastrocola and 
Munari (2000), the Maillard reaction has a big role in modification of color, flavors, 
nutritional value and stability during processing and storage. The second type is the 
oxidation reaction, such as conversion of polyphenols into polycarbonyls. This type of 
reaction can be inhibited by anaerobic storage conditions. The Maillard reaction involves 
a complex chemical reaction with few identifying common features other than 
involvement of carboxylic intermediates and the production of brown pigment. The 
overall process of non-enzymatic browning is shown in Figure 1. In summary the 
Maillard reaction involve three stages of two or more reactions in each. The basic 
characteristir;s of the Maillard reaction are: 
Initial stage (colorless) 
• Sugar-amino condensation 
Non-enzymatic browning in foods 
Sugar + 
t Amino compound (amino- acid or proteins) 
Complex of sugar-amino compound 
Brown compounds Flavoring substances 
Figure 1. Non-Enzymatic Browning in Foods. McMahon, 1978. 
• Amadori (Heyns) Rearrangement 
Intermediate stage (colorless or yellow) 
• Sugar dehydration 
• Sugar fermentation 
• Amino-acid dehydration 
Final stage (highly colored) 
• Acid condensation 
• Aldehyde-amino polymerization 
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Food products stored for a long time at room temperature may eventually turn 
brown due to polymerization of degradation products of Amadori rearrangement products 
(ARPs) (Mastrocola and Munari, 2000). Yay1ayanetal (1994) repotted that ai: high 
temperatures ARPs could be fonned within hours and degrade or react with other food 
components to produce the characteristic aroma and the brown color. Milk products 
contain large amounts of lactose and casein and thus are sensitive to non-enzymatic 
browning during processing and storage (Min and Lee, 1990). Henry et al. (1948) 
concluded that a major cause of deterioration of skim milk powder during storage is the 
reaction between the free amino groups of the milk protein, mostly theE-amino group of 
lysine and the potential aldehyde group of lactose. Flavor deterioration is another 
obstacle that renders skim milk powder unacceptable to consumers. This stale flavor in 
dairy products is due to compounds arising from both lipid deterioration and those 
resulting from the Maillard reaction during processing and storage (Henry et al., 1948). 
According to Bolin and Steele (1987), in dried apple, 20% of the non-enzymatic 
browning reaction which occurred during storage is due to non-oxidative, or Maillard 
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reaction, and about 70% to oxidation. A reduction in ascorbic acid content of dehydrated 
products, involving strecker degradation also contributes to their browning during storage 
(Davidek and Pokorny, 1990). According to Sullivan et al. (1974), the major cause of the 
degeneration of flavor in dehydrated potato products is the Maillard reaction. This is due 
to amino-carbonyl reaction of reducing sugar and amino acids, resulting in formation of 
2-methylpropanal (2MP) and 2-and 3-methylbutanal (2+3 MB), the strecker degradation 
aldehydes, as well as other volatile compounds. 
Oxidative degradation 
Oxidation is generally regarded as the main factor in the development of rancidity 
of fats and oils. This is the result of chemical reactions where long-chain unsaturated 
fatty acids are oxidized at their double bonds, resulting in formation of short-chain fatty 
acids. This oxidative process leads to lipid rancidity, resulting in the food becoming 
unacceptable for consumers. 
Several types of oxidative degradation that occur in dehydrated foods include 
rancidification, color change, vitamin degradation, and development of stale flavor due to 
the formation of volatile degradation products. The major cause of lipid oxidation is a 
reaction between lipid and molecular oxygen. 
According to Melton (1983) and Dugan (1976), lipid oxidation proceeds through 
a free radical formation that involves initiation, propagation and termination steps. The 
mechanism of fat oxidation is very complex and the reaction proceeds through several 
steps as follows: 
Breakdown products 
(including rancid 
off-flavor compounds) 
Lipid Oxidation 
Unsaturated fatty acid or triglyceride 
+ 
Free Radicals 
+Oxygen 
+ 
Hydroperoxides 
+ Polymerization 
(Dark Color) 
(Possibly toxic) 
Oxidation of 
pigments, 
Flavors, and 
....-->r--~Vitamins 
Insolubilization 
of proteins 
such as, ketones, aldehydes, alcohols, hydrocarbons acid, epoxides 
Figur~ 2. Over all mechanism of lipid oxidation. Labuza, 1971. 
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Rancidity usually starts developing only after the free radicals have been formed 
with the initiation reaction leading to development of an off flavor which makes the food 
unacceptable on a consumer market level. Most rancid flavors in foods develop as a 
result of unsaturated fatty acid moieties. Oxidative rancidity involves a reaction between 
the lipid and molecular oxygen. The reaction takes place at the double bonds of 
unsaturated fatty acid and can be accelerated by high temperature, singlet oxygen, free 
radicals, metal ions, light and enzymes containing a transition metal prosthetic group 
such as lipooxygenase. On the other hand, these reactions are inhibited by low 
temperature, presence of antioxidants and oxygen exclusion. According to many 
investigators, free fatty acids (FFA) increase duting storage and that degradation of lipids 
is responsible for the deteriorative changes during storage (Yasuhiro et al., 1996). 
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Moerck and Ball (1974) studying deboned chicken meat, reported that oxidation 
occurs in highly unsaturated phospholipids while unsaturated triglyceriedes contribute 
less oxidation. Triglycerides constitute 92.6% of the total lipid content in chicken meat. 
Labuza (1971) reported that it is not the total fat content that is important in generating 
lipid oxidation, but rather the amount of unsaturated fatty acid moieties. For example, 
beef contains a higher amount of fat than potatoes, but potatoes are more susceptible to 
oxidation during storage due to their high polyunsaturated fatty acid content. 
Henry et al. (1948) indicated that rice with a free fatty acid (FFA) level above 
0.1% might adversely affect flavor. During storage, the flavor of rice deteriorates due to 
changes in its volatile components by breakdown of desirable volatile constituents, losses 
via diffusion out of the rice bran into the environment, and generation of undesirable 
volatile materials (Widjaja et al., 1996). Yasumatsu and Moritaka (1964) rep01ted an 
increase in free fatty acids during storage leading to development of volatile products that 
cause flavor deterioration. Also, a decrease in oleic and linolenic acids was demonstrated 
by Yamamastu and Moritaka (1964), attributing to oxidation and resulting in 
development of stale flavor. 
Houston et al. (1954, 1956) reported that parboiled rice is more susceptible to 
oxidative rancidification under various storage conditions. When storing raw, lightly 
milled rice at room temperature in the dark, neither peroxide nor total carbonyls rose 
during 3-year storage, but parboiled rice becomes rancid in a few months. Sowbhagya 
and Bhattacharya (1976) reported that exposure to light accelerates the autoxidation in 
raw rice at room temperature, but less effect has been observed in parboiled rice. High 
moisture content delays the onset of oxidation in highly milled parboiled rice as well as 
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raw rice. Raw rice containing about 3% fat is more resistant to oxidative rancidity during 
storage due to its high antioxidant content. According to Piggott and Loliger (1991), 
removal of rice bran and the aleurone layer increases the storage stability of rice, but the 
rates of oxidation increase sharply with increased milling. Storage of brown rice at a cool 
temperature slows its degradation and increases its shelf life. This was reported by Sharp 
and Timme (1986) where storage of brown rice at 3°C resulted in lower levels of free 
fatty acids with less change in odor and flavor compared to rice stored at high 
temperatures. This was also observed when brown rice was stored under modified 
atmospheres such as carbon dioxide flushing and vacuum packaging. Lipid oxidation 
limits the storage time of all dry products, even potato granules although their lipid 
content is very low (5.8-9.0 mg lipids/g of dry matter). About 75% of the total fatty acids 
present in potatoes are polyunsaturated linoleic and linolenic acids (Lilenberg et al., 
1978). Dehydrated potatoes under certain storage conditions develop an off flavor, which 
has been described as rancid, stale or hay-like, that limits its shelf life. 
According to Sapers et al.(1972) dehydrated potatoes undergo two types of flavor 
changes during storage: flavor defect arising from reducing sugar-amino acid interaction 
and flavor defects associated with lipid oxidation. Potato flakes, a form of dehydrated 
mashed potato, have a shelf life of only 6 months in air at room temperature (Sapers et 
al. , 1972). Preliminary studies indicated that the shelf life of these products is usually 
limited by development of hay-like off-flavor. One of the most important features 
limiting consumer acceptability of sweet potato flakes is the development of hay-like 
flavor following 6 months of storage at 23°C that is caused by thermal degradation and 
oxidative degradation of the lipid of sweet potato flakes. Lopez et al. (1976) reported a 
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marked increase in carbonyl following heating of sweet potato to 150°C, and that 
monocarbonyls are the main compounds in off-flavor development of the stored sweet 
potato flakes. Walter and Purcell (1974), after storing sweet potato at 31 °C, found that 
the ratio of the surface lipid, comprising 12% of the total lipids, was reduced by 10% 
following 22 days of storage, while bound lipids was reduced by 10% after 77 days of 
storage. Thus they concluded that the reaction products of surface lipids are responsible 
for off-flavor development of sweet potato flakes. 
Wheat germ is susceptible to oxidation due to its high content of unsaturated oil. 
The oil content of wheat germ is 12%, consisting mainly of oleic, linoleic, and a-
linolenic acids (Olli et al., 2000). Oat lipid content is -5 times higher than wheat and the 
lipclytic e;tzyme3 are 10-l5 timEs more active. Milling oats to flours allows the reaction 
between lipid and enzymes, which result in increased susceptibility to lipid oxidation. 
Oats contain natural antioxidants including tocopherol and phenolic acids (Kalbasi -
Ashtari and Hammond, 1977), and are more stable to non-enzymatic oxidation. However, 
high levels of unsaturated (FFA) and the presence of lipoxygenase favor lipid oxidation. 
Eldrid et al. (1995) found that under unfavorable storage conditions, or in untreated oat 
products, lipolytic activity will cause rapid release of fatty acids , which may be oxidized 
and cause rancidity. 
According to Boon et al. (1976), flavor changes in dry milk during processing and 
storage are mainly due to lipid oxidation. Lipid oxidation in dry milk is responsible for 
the formation of undesirable volatile compounds in the product (Hill et al., 1969). As 
reported by Falconer (1964), the reaction of oxygen with unsaturated fats results in the 
formation of hydroperoxides which are then broken to form short-chain aldehydes and 
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ketones. These compounds are responsible for the undesirable flavor of dry milk. Milk 
fat oxidation can be minimized by antioxidants or by limiting oxygen content in the dry 
product. The use of nitrogen packaging, vacuum packaging or gas flush, or oxygen 
scavenging is found to be effective in minimizing the undesirable flavor compound of dry 
milk during storage (Min et al., 1989). 
Nonfat dried milk presents no problem oxidatively due to removal of susceptible 
lipids during processing, thus having a storage life of over one year in air at room 
temperature (Labuza, 1971 ). Driscoll et al. (1985) reported that nonfat dry milk stored at 
32°C for 6 month develops an off-flavor. However, samples stored at 21 °C showed an 
increase in oxidative flavor only after 24 months of storage. 
There are sev~ral :eactions that affect ~he color, texture, nutr!ti,;e value, aP.d flavor 
of dehydrated vegetables during storage. Walter and Purcell (1974) reported that violet-
and hay like aroma in stored dehydrated vegetables arise from the autoxidation of 
carotenoids. Losses in carotinoids during processing and storage are of commercial 
significance affecting not only the attractive color of foodstuffs, but also their nutritive 
value and flavor (Arya et al., 1979). Deterioration in carotenoids plays an important role 
in determining the overall storage life of dehydrated carrots. A significant correlation had 
been reported by Falconer et al. (1964) between the development of off-flavors and 
carotenoid destruction in freeze-dried carrot powder stored at 18°C, with an off-flavor 
notable when about 20-24% of total carotenoids had been destroyed. 
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HYPOTHESES AND OBJECTIVES 
The hypotheses of this study were: 
1. The use of the oxygen absorber packets protects the quality of stored dehydrated food 
products. 
2. Increased storage duration has a negative effect on quality of stored dehydrated food 
products. 
3. Increased storage temperature has a negative effect on quality of stored dehydrated 
food products. 
The objectives of this study were: 
1. To determine the efficiency of oxygen absorber packets in maintaining quality of 
dehydrated food stored over a period of 24 months including potato pearls, dried 
sliced apple dried carrots, white rice, all purpose flour, rolled oats, wheat and nonfat 
dry milk. 
2. To evaluate the effect of temperature (-20, 10, 21, and 29.5°C) and storage duration 
on quality (color, and oxidative degradation using TBARS assay) of dehydrated food 
products including potato pearls, dried sliced apple dried carrots, white rice, all 
purpose flour, rolled oats, wheat and nonfat dry milk. 
3. To determine the quality of stored wheat over a period of 24 months using physical 
analysis evaluated at 6-month intervals. 
a) Total moisture content 
c) Germination. 
d) Gluten ball (weight and volume). 
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:METHODOLOGY 
Dehydrated foods selected for food storage were stored over a period of 24 
months. Four storage temperatures were studied: -20, 10, 21, and 29.5 °C; samples 
stored at -20°C were the control samples. The control samples were stored only with 
oxygen absorber packets. Mylar bags pouches of multilayer laminated plastic and 
aluminum of 7 mil (thickness 178 microns) was used for packaging to evaluate the 
impact of oxygen absorber packets on quality of these products. Products included potato 
pearls, dried sliced apple, dried carrots, white rice, all purpose flour, rolled oats, whole 
wheat, and nonfat dry milk. Six containers per food item were used, three with oxygen 
absorber packets and three without oxygen absorbers at temperatures of 10, 21, and 
29.5°C. Quality measures include: color measurement using Hunter colorimeter, 
thiobarbituric acid-reactive substances (TBARS) assay for estimating lipid oxidation, 
Total moisture content, germination and gluten ball weight and volume were determined 
by gluten washing, on wheat samples. Following each sampling, a new oxygen absorber 
was inserted with the remaining food in the bag, which was then resealed and returned to 
storage. There were 21 Mylar bags according to the following design (Table 1). At 6, 
12, 18 and 24 months the following evaluations were made (Table 2). 
T bl 1 P . t a e rojec expenmenta I d . es1gn 
Experimental Design 
Oxygen Temperature 
-zooc l0°C 21 °C 29.4°C 
With Oxygen absorber 3 bags 3 bags 3 bags 3 bags 
Without Oxygen absorber none 3 bags 3 bags 3 bags 
Table 2. Products and quality estimate measures studied 
Product Type of analysis 
Apple, slices 
Carrot, slices 
Flour, all purpose white 
Milk, NFD 
Oats, rolled 
Potato pearls 
Rice, white 
Wheat, whole kernels 
Sources 
Hunter color 
Hunter color, TBARS 
Hunter color, TBARS 
Hunter color, TBARS 
Hunter color, TBARS 
Hunter color, TBARS 
Hunter color, TBARS 
TBARS, Germination, moisture, gluten measurement 
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All dried food items were purchased from the Logan Region dry pack cannery of 
The Church of Jesus Christ of Latter-Day Saints. Flour, wheat, and nonfat dry milk were 
Deseret Brand Products. Dried apple, carrots, potato pearls, rice and oats were 
commercially packed for the Church but were not under the Deseret Brand. All products 
were purchased within one year of processing, with approximate composition amount per 
serving (Table 3) and had been stored under typical food storage conditions existing in 
the mountain west. 
Table 3. Food composition amount per serving 
Total Saturated 
Product Protein Sugar carbohydrates Total fat fat 
Potato pearls 2.0 0.0 17.0 1.0 0.0 
Dried sliced pple 0.0 0.0 26.0 5.0 0.0 
Dried carrot 2.0 1.0 22.0 5.0 0.0 
White rice 3.0 0.0 35.0 2.0 0.0 
Wheat 5.0 0.0 31.0 5.0 0.0 
All purpose flour 4.0 1.0 26.0 5.0 0.0 
Rolled oats 6.0 0.0 28.0 3.0 0.5 
Nonfat dry milk 11.0 61.0 16.0 0.0 0.0 
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Hunter color measurements 
A surface color of dehydrated food products was identified by the color 
parameters [namely, lightness (L), redness (a) and yellowness (b)] using the Hunter L *, 
a*, b* system with the Hunter lab Miniscan Portable Colorimeter (Reston, VA). The 
instrument was standardized using a white and black standard plate. Ten grams of sample 
was scanned at three different locations to determine the L, a, and b values as the average 
of the three measurements. Apple slices were ground for uniformity, but all other 
products were evaluated in their original form. 
Thiobarbituric acid reactive substance 
Plant extract 
Ten grams of sample was homogenized with 50 ml of cold acetone and filtered 
through Whatman number 4 paper. The filtrate was brought to 75 ml with distilled water 
and kept at 4° C until used for measuring TBARS. 
TBARS assay 
The basic procedure of thiobarbituric acid assay was that of Heath and Packer 
(1968). Two milliliters of 20% trichloroacetic acid (TCA) aqueous solution and 1 rnl of 
0.67% TBA aqueous solution were added to 2 ml of the extract from plant tissues. The 
mixture then was heated in a boiling water bath for 15 minutes, cooled quickly with 
running tap water and centrifuged at 724.5Xg for 15 minutes. The clear supernatant was 
brought to 10 ml with distilled water. The absorbance at 532 nm was recorded using a 
spectrophotometer (Spectronic 21D). In addition, an absorbance for the nonspecific 
turbidity at 600 nm was subtracted. Two milliliters of distilled water instead of extract 
treated with the same procedure was used as a blank. 
Stander curve of malondialdeyhde (MDA) 
Twenty-four milligram of malonaldehyde bis (dimethyl acetal) was dissolved in 
100 ml distilled, deionized water and then diluted with 0.01 N HCL to give a stock 
solution of 1:75, 1:100, 1:150, 1:200, 1:300. 
MDA equivalent= (nmol/ml) = [(A 532 -A 6oo) /157000] 10 6 
Modified Procedure 
The absorbance was read at three wavelengths, 532, 600 and 440 nm. 
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A standard curve of sucrose was used to rectify the interference of soluble sugar in 
samples. The sugar curve was prepared by a series of concentrations of sucrose from 2.5 
- 10 J..lmol/ml. The absorbance was read at 532 and 440 nm. 
The TBARS expressed in MDA equivalent (nmol/ml) was calculated as follows: 
[[(As32- A6oo)- [(A44o- A6oo) (MA of sucrose at 532 nm/ 
MA of sucrose at 440nm)]] I 157000] 106 
where A is the absorbance; 440, 532, 600, are wavelengths, and MA is the molecular 
absorbance. 
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Moisture 
Moisture content was measured by oven drying. Ten grams of a sample was dried 
for 16-18 hrs at l20°C. The dried samples were cooled in a desiccator and weighed 
after returning to room temperature (AOAC, 1984). 
Functional properties 
Germination 
For germination, 50 kernels of each sample were placed in a glass Petri dish on 
filter paper dampened with distilled water and covered. To avoid mold contamination the 
kernels were surface sterilized with 10% chlorine bleach. Care was taken that the kernels 
did not touch each other. Germinating wheat kernels were observed daily and dampened 
with double distilled water. Percent germination was calculated on the third day. 
Gluten 
Gluten balls were made from a mixture of 200 g freshly ground wheat and 155 ml 
water. The dough was then washed until the liquid came out clear indicating removal of 
all starch. The resulting spongy gluten was baked at 232.2 oc (450°F) for 15 minutes 
followed by 149.9°C (300°F) for 35 minutes. Gluten balls were weighed after baking. 
Final volume of gluten balls was measured by rapeseed displacement. 
Statistical analysis 
The data was analyzed using analysis of variance procedures and the general 
linear model (GLM) approach. The design of the experiment is a 2x4x4 repeated 
measures factorial experiment. The primary factor of interest is oxygen absorber packets 
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measures factorial experiment. The primary factor of interest is oxygen absorber packets 
(OAP) with two levels with and without the packet. The second, between subject factor 
is temperature, with four levels (-20, 10, 21, and 29.5°C). All samples at these 
temperature levels were stored with and without oxygen absorber packets. The control 
( -20°C) samples were stored only with oxygen absorber packets. The repeated measure 
factor is months, with four levels 6, 12, 18, and 24 months. There were three replicates 
for each treatment combination of (OAP) and temperature. 
The analysis was done with SAS® (1996), using its repeated measures options. 
Differences of means and general contrasts of fixed factors, and their stander errors, were 
calculated under standard repeated measure assumptions, and evaluated using least 
sig:1ificance difference~. For mair. effects 2nd interact!ons, an a-level of 0.05 was used. 
Duncan multiple rang test was used to evaluate differences among individual means. 
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RESULTS AND DISCUSSION 
Color changes 
Seven out of the eight dehydrated food items that were purchased from the Logan 
Region Dry Pack Cannery of The Church of Jesus Christ of Latter-Day Saints were 
evaluated for their quality attributes indicated by color change. These products include 
potato pearls, dried ground sliced apple, dried carrot, white rice, rolled oats, all purpose 
flour and nonfat dry milk. Color change due to storage duration and temperature ( -20, 
10, 21, and 29.4 °C) were measured at 6-month intervals for a period of 24 months on 
stored products with and without oxygen absorber packets (OAP). 
A statistically significant difference (P< 0.05) due to main effect of time and 
temperature on color parameters was found for all stored products (Appendix A, Tables 
Al-A28). Oxygen was a significant factor determining color change for four of the 
stored products which will be discussed individually. 
Potato pearls 
From visual inspection it is very evident that potato pearls were darkened at the 
high storage temperature (Figure 3). Visual inspection was not able to accurately quantify 
the degree of color change that occurred, but it was very evident that the product 
darkened upon storage. This was most evident at the highest storage temperature. 
Hunter colorimeter reading of lightness (L) , redness (a), and yellowness (b) for potato 
pearls are shown in Figure 4 (A-C). 
Figure 3. Effect of temperature on color of potato pearl samples stored for 24 months 
with and without oxygen absorber packets. 
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In Figure 4A, 4B, and 4C, respectively, the trend indicated a decrease in lightness 
at high temperature (29.5°C) and with increasing storage time, there was a marked rise in 
redness of the potato pearls stored at 29.5°C for 12, 18, and 24 months of storage and that 
yellowing of the potato pearls increased also at the highest storage temperature. 
Figure 5 (A-C) shows the mean score for color parameter L, a, and b for potato 
pearls with and without oxygen absorber packets. Over the period of the study there was 
a significant (P< 0.05) protection against darkening in the presence of the oxygen 
absorber packets that was only evident at the higher storage temperature 29.5°C (Figure 
5A). The two lower temperatures were not significantly different from each other nor 
from the control. There was a significant increase in redness and yellowness of the 
potato pearls due mostly to temperature and storage duration. The presence of oxygen 
absorber packets had no protection against redness or yellowness of the potato pearls. 
Darkening, however, was decreased in the presence of the oxygen absorber packets. 
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Figure 4 (A-C). Color parameter L *, a*, and b* value of dried potato pearls stored at 
different temperatures (-20, 10, 21, and 29.5°C) with (OAP) and without oxygen absorber 
packets. 
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Appendix B, Table B l.A indicates that there was no constant differences of color 
between means from the control color (-20°C) except for means of potato pearls stored at 
29.5°C. Redness and yellowness scores of the potato pearls were not significantly 
influenced by the presence of the oxygen absorber packets. These scores were, however, 
significantly (P < 0.05) increased with increasing temperature and storage duration 
(Appendix A, Tables A.2-A.3). 
Dried sliced apple 
Storage of dried sliced apple shows a remarkable darkening at 29.5°C (Figure 6). 
The experimental value for color parameter lightness (L), redness (a), and yellowness (b) 
for dried ground sliced apple are shown in Figure 7 (A-C). As shown in Figure 7 A th~re 
was a tendency toward darkening over time especially at the higher storage temperature 
(29.5°C). Figure 7B shows a remarkable increase in redness beginning at 6 months of 
storage at 29.5°C. 
Figure 6. Effect of storage temperature on color of ground dried sliced apple stored at 
different temperature with oxygen absorber packets. 
A slight tendency toward an increase of yellowing in dried slice apple also take 
place as storage temperature increased and with increased storage duration (Figure 7C). 
Figure 8 (A-C) shows the mean color parameter L, a, and b score for dried sliced apple 
stored at different temperatures under the two atmospheric conditions. 
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Figure 8A illustrates a significant (P < 0.05) effect of temperature (29.5°C) on 
dried sliced apple darkening that was indicated by a significant tendency toward a 
decrease in color parameter (L), on the other hand this was accompanied by a significant 
increase in dried sliced apple redness and yellowness as time increase and with an 
increase in storage temperature (Figure 8A and B). 
From these figures we can see that most of the color changes take place at the 
higher storage temperature after the apple samples were stored for 24 months. The two 
lower storage temperatures (10, and 21 °C) were not significantly different from each 
other or the control (Appendix B, Table B2.A). 
Figure 8 (A-C) also indicates that the presence of the oxygen absorber packets 
was protective against color change only at 10 and 21 oc which is remarkable by a higher 
(L) value and a lower (a) and (b) values in dried sliced apple samples stored with oxygen 
absorber packets. This data disagree with what has been reported by Bolin and Steele 
(1987). They found that the presence of oxygen absorber packets was effective in 
reducing undesirable pigment in dried apple storage at 30°C. This difference may be due 
to their application of low oxygen pressure of sulfur dioxide processing to avoid the 
oxidative type of non-enzymatic browning. 
Redness and yellowness scores of the dried slice apple were significantly 
influenced by the presence of the oxygen absorber packets; however, they were 
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significantly increased with an increase in temperature and storage duration (Appendix A, 
Table A.5-A.6). 
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Figure 7(A-C). Color parameter L *, a*, and b* of dried sliced apple stored at different 
temperatures (-20, 10, 21, and 29.5°C) with (OAP) and without oxygen absorber packets. 
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Dried carrot 
Figure 9 shows the extreme darkening of dried carrot samples after storage for 24 
months at high temperature. This darkening was similar to that observed for both stored 
potato pearls and dried sliced apple. 
arrot. 30 degrees C 
o~ygen absorber 
Figure 9. Effect of storage temperature on color of dried carrot stored at different 
temperatures with oxygen absorber packets. 
The experimental value for hunter colorimeter reading of Lightness (L), redness 
(a), and yellowness (b) for dried carrot are shown in Figure 10 (A-C). Figure lOA shows 
a trend toward darkening over time and as storage temperature increased. Carrot redness 
(Figure lOB) shows a remarkable increase by the first 6 months of storage mostly at the 
higher storage temperature (29.5°C). Figure 10C shows the same trend, where an 
increase in yellowing of the dried carrot takes place at the highest storage temperature. 
Figure 11 (A-C) illustrates the mean score for color parameter L, a, and b value for dried 
carrot stored at different temperatures with and without oxygen absorber packets. 
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Figure lO(A-C). Color parameter L *, a*, and b* of dried carrot stored at different 
temperatures (-20, 10, 21, and 29.5°C) with (OAP) and without oxygen absorber packets. 
Figure llA represents the significant effect in darkening (P < 0.05) due to 
temperature and storage duration, which was most, pronounced at the high storage 
temperature (29.5°C), after the product was stored for 24 months. The two lower 
temperatures (10, and 21 °C) were not significantly different from each other (Figure 
llA). 
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This figure also portrays that over the period of this study there was a significant 
protection against darkening in the presence of the oxygen absorber packets indicated by 
a higher (L) value in carrot samples that were stored with (OAP). Yellowness (Figure 
llC) increased significantly at 29.5°C and as storage duration increased. However, dried 
carrot redness was significantly affected by storage temperature (Figure llB) rather than 
time, where ar. increase in cobr parameter (a) takes place at 29.5°C. Carrct redness 
seems to be constant over the storage period of 24 months. 
Appendix B, Table BA shows that there was no constant difference between 
means from the control ( -20°C), except when the product was stored at high temperature 
(29.5°C), where samples stored at this temperature allegorize a relative decrease in 
lightness in comparison to the control. 
Lightness, redness, and yellowness scores of the dried carrot (Appendix A, Table 
A.9-A.ll) show a significant influence of the oxygen absorber packets against color 
change, however the scores of redness and yellowness increased significantly due to the 
influence of both temperature and storage duration. 
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White rice 
Figure 12 shows a photograph of stored white rice, this figure indicates the effect 
of temperature and storage duration on rice yellowing. The Hunter color meter reading 
of Lightness (L), redness (a), and yellowness (b) for stored white rice are shown in Figure 
13 (A-C). As shown in Figure 13A the trend indicated a slight tendency toward 
darkening with an increase in storage temperature and duration. Figure 13C shows a 
slight increase in yellowness by 12 months of storage. Yellowness of the stored white 
rice shows a tendency toward an increase with both temperature (29.5°C) and storage 
duration. Figure 14 (A-C) shows the mean color parameter L, a, and b score for white 
rice stored with and without oxygen absorber packets at different temperatures. Figure 
14A shows the significant effeGt of storage duration in white rice darkening, where lower 
parameter (L) value was noticed in white rice samples stored for 24 months. 
Figure 12. Effect of storage temperature on color of white rice samples stored with and 
without oxygen absorber for 24 months. 
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Figure 13(A-C). Color parameter L *, a*, and b* of white rice at different temperatures 
(-20, 10, 21, and 29.5°C) with (OAP) and without oxygen absorber packets. 
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Storage temperature (P = 0.42) has no significant effect in white rice darkening. The 
presence of the oxygen absorber packets also has no significant effect in reducing white 
rice darkening (P = 0.46), but the interaction between this factor and storage duration was 
significant P = 0.02 (Appendix A, Table A.13). 
Figure 14C illustrates that over the period of 24 months of storage there was a 
significant protection against white rice yellowing in the presence of the oxygen absorber 
packets. From this figure we can also see the significant effect of storage duration and 
temperature in white rice yellowing. This agrees with what had been found by 
Dillahunty et al. (2000) in their study on the effect of temperature, exposure duration, and 
moisture on color and viscosity of rice, where the combined effect of temperature and 
storage duration are the most important factors influencing rice yellowing. 
The significant temperature effect was at the highest storage temperature 
(29.5°C), while storage at 10 and 21 oc shows no significant temperature effect (P > 0.05) 
in color change. Storage duration is another factor having a significant effect in white rice 
yellowing especially after the product was stored for 24 months. 
Generally considering the rest of the dehydrated food items including all purpose 
flour, rolled oats, and nonfat dry milk no oxygen absorber effect on color was noticed 
over the study period (Appendix A, Table A.l6 through A.28), respectively. There were 
a significant (P > 0.05) temperature and storage duration effects especially when the food 
items were stored at the 29.5°C for 24 months that shows a slight but not significant 
tendency toward product darkening. Table 4 summarizes the main effects of color 
parameters, temperature, atmosphere and duration on color changes of dehydrated stored 
products studied. From Table 4 it is clear that for all products storage at 29.5°C resulted 
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in color changes, which were darker, redder and yellowier than samples stored at low 
temperatures. The oxygen absorber packets were protective against darkening of the 
potato pearls, dried sliced apple and dried carrot. They also reduce redness in stored 
dried sliced apple, dried carrot, and white rice. Yell owing in these products was also 
reduced in the presence of oxygen absorber packets. Increasing length of storage 
duration was a major factor influencing all color parameters. Products like flour, where 
the cellular structure are broken and mixed found to be not protected by the oxygen 
absorber packets where as a more intact product like rice or apple is somewhat protected 
against darkening in the absence of oxygen. The surface area of the stored food is 
another factor in determining the effectiveness of oxygen absorber packets. 
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TBARS values 
Many plant tissues contain the enzyme Iipooxidase as well as polyunsaturated 
fatty acids. Malonaldehyde occurs in food products as an end product of polyunsaturated 
fatty acid oxidation and is considered as an index of lipid peroxidation or oxidative 
rancidity. In this study the concentration of (TBARS) indicated that lipid oxidation was 
not a serious problem in dehydrated foods, since relatively low TBARS values were 
found. This is mainly due to the low fatty acid content of the plant materials used in this 
study. 
Nevertheless, it can be considered that lipid oxidation in plant foods can result in 
low concentration of breakdown products causing undesirable changes. Figures 15-21 
graphically display the TBARS values of seven dehydrated food items under the 
influence of temperature and storage duration, along with the effect of OAP in extending 
the shelf life of these products. Generally, there was a significant time and temperature 
effect similar to what had been observed in color measurements . There was a 
pronounced increase in TBARS value at the highest temperature (29.5°C) over the 
duration of 24 months of storage. As would be expected, oxygen absorber packets 
significantly, reduced TBARS formation in most tested products. 
Potato pearls 
Oxidative changes in potato pearls as measured by TBARS increased significantly 
over time and with increased storage temperature (Figure 15). In this figure it can be seen 
that oxygen absorber packets were protective against an increase in TBARS. 
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Figure 15. TBARS values (nmol/ml) of potato pearls stored at different temperatures 
(-20, 10, 21, and 29.5°C) with (OAP) and without oxygen absorber packets (NOAP). 
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Table 5 shows a significant increase in TBARS concentration of the potato pearls 
due to temperature, storage duration and the presence of oxygen in the storage container. 
These effects were more evident at the higher storage temperature and the longest storage 
length. 
Table 5. Mean TBARS (nmoVml) score of potato pearls stored at different 
. h (OAP) d 'th b b k t (NOAP) temperatures wit an WI out oxygen a sor er pac e s 
Storage Time Temperature Atmosphere Control ( -20°C) 
(mo) score (OC) score Type score 
12 0.23 a 10.0 0.18 a OAP 0.24 3 0.11 
18 0.26 3 21.0 0.26 3 NOAP 0.34 b 
24 0.83 b 29.5 0.43b 
Mean of the standard error= 0.02 
Mean scores in columns with different letters are significantly different at P < 0.05 
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Appendix D, Table D.l illustrate that even though there was an increase in 
TBARS value over time, the presence of the oxygen absorber packets was protective 
against oxidative damage regardless of temperature or storage duration. This table also 
confirm that TBARS of the control sample ( -20°C) increased over time, but was 
significantly lower in TBARS value than other samples during a given period. Visually 
this is seen in figure 15, but Appendix, Table D.I gives a statistical confirmation. 
Dried carrot 
Figure 16 shows that oxidative change in stored dried carrots increased 
significantly over the first 12 months of storage. TBARS values increased significantly 
with temperature and with an increase in storage duration. The oxygen absorber packets 
were protective against TBARS formation (Table 6). 
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Figure 16. TBARS (nmollml) values of dried carrot stored at different temperatures with 
(OAP) and without oxygen absorber packets (NOAP). 
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Appendix D, Table D.2 shows the pronounced increase in oxidative change of 
dried carrot samples over time. Dried carrot samples stored for 24 months shows a 
significant (P < 0.05) effect of the presence of the oxygen absorber packets in reducing 
the concentration of TBARS. The TBARS value was higher in samples stored without 
oxygen absorber packets compared to the control and also higher than samples stored 
without oxygen absorber packets at the same temperature. 
Table 6. Mean TBARS (nmoVml) score of dried carrot stored at different 
t t 'th (OAP) d 'th t b b k t (NOAP) empera ures WI an WI ou oxvgen a sor er pac e s 
Storage Time Temperature Atmosphere Control ( -20°C) 
(mo) score (oC) score Type score 
12 0.08 a 10.0 0.25 a OAP 0.25 a 0.1 
18 0.26b 21.0 0.27 a NOAP 0.31 b 
24 0.50c 29.5 0.30b 
Mean of the standard etTor = 0.01 
Mean scores in columns with different letters are significantly different at P < 0.05 
White rice 
Stored white rice shows the same tendency toward an increase in TBARS values 
due to increased temperature and longer storage duration (Figure 17). The statistical 
analysis (Table 7) indicated that the significant increase in TBARS value for stored white 
rice was due to storage time, where a pronounced increase in oxidative change were more 
evident after the product was stored for 24 months. 
Appendix D, Table D.3 shows that there was a slight, but not significant increase 
in TBARS value due to storage temperature, and that the presence of the oxygen absorber 
packets seems not to be protective against the increase in TBARS concentration over 
time. Storage temperature and storage time had a significant interaction resulting in 
significantly increased TBARS in samples stored 24 months at 21 or 29.5°C (Appendix 
E, Table E.3). 
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Figure 17. TBARS (noml/ml) value of white rice stored at different temperatures with 
(OAP) and without oxygen absorber packets (NOAP). 
Table 7. Mean TBARS (nmol/ml) score of white rice stored at different 
. h (OAP) d . h b b k (NOAP) temperatures wit an Wit out oxygen a sor er pac ets 
Storage Time Temperature Atmosphere Control (-20°C) 
(mo) score (oC) score Type score 
12 0.12 a 10.0 0.16 a OAP 0.18 a 0.13 
18 0.16 a 21.0 0.20a NOAP 0.22 a 
24 0.30b 29.5 0.21 a 
Mear: of the standard error= 0.04 
Mean scores in columns with different letters are significantly different at P < 0.05 
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Wheat 
Wheat samples stored for 24 months (Figure 18) show an increase in TBARS 
value which was more pronounced after the first 18 months of storage. During the first 18 
months of storage an increase in TBARS was most evident at the higher storage 
temperature. Table 8 illustrates the significant effect of temperature and storage duration 
in increasing TBARS concentration. This increase was most evident after the wheat 
samples were stored for 24 months. This Table shows the significant effect of 
temperature in increasing TBARS concentration. Storage of wheat samples at 29.5°C 
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Figure 18. TBARS (nomllml)value of wheat samples stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
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leads to an increase in TBARS values; however, no significant differences was noted 
between the two other lower temperatures (10 and 21 °C). TBARS concentration was 45 
percent higher in wheat samples that were stored without oxygen absorber packets in 
comparison to those stored with oxygen absorber packets. The presence of the oxygen 
absorber packets was found to be protective against oxidative damage in wheat samples 
over the period of this study (Appendix D, Table D.4). Appendix E, Table E.4 shows 
that there was a significant interaction of time and temperature of storage on TBARS 
formed in the stored wheat for 24 months. 
Table 8. Mean TBARS score of wheat stored at different temperatures 
"th (OAP) d "th t b b k t (NOAP) WI an WI ou oxygen a sor er pac e s 
Storage Time Temperature Atmosphere Control (-20°C) 
(mo) score (oC) score Type score 
12 0.12a 10.0 0.20a OAP 0.23 a 0.13 
18 0.17b 21.0 0.21 a NOAP 0.42 b 
24 0.47c 29.5 0.31 b 
Mean of the standard error= 0.01 
Mean scores in columns with different letters are significantly different at P < 0.05 
All purpose flour 
Figure 19 shows an increase in TBARS value for all purpose white flour after the 
first 12 months of storage, with a marked raise in oxidative change due to high storage 
temperature (29.5°C). Table 9 shows the significant influence of temperature on 
increasing TBARS concentration. Storage at 29.5°C results in a significant increase in 
TBARS value compared to the two lower temperatures (10 and 21 °C), where no 
significant differences were noted between them. The presence of the oxygen absorber 
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packets were found to be protective against oxidative damage particularly after the 
product was stored for 18 months (Appendix D, Table D.5). A significant time, 
temperature interaction indicates that TEARS are significantly elevated in the longer 
stored products at the higher temperature (Appendix E, Table E.5). This is visually 
obvious in Figure 19. 
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Figure 19. TEARS (nmol/ml)value of all purpose flour stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
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Table 9. Mean TBARS (nmoVml) score of all purpose flour stored at different 
t t 'th (OAP) d 'th t b b k t (NOAP) empera ures w1 an WI ou oxygen a sor er pac e s 
Storage Time Temperature Atmosphere Control (-20°C) 
(mo) score (oC) score Type score 
12 0.04a 10.0 0.16 a OAP 0.15 a 0.05 
18 o.2ob 21.0 0.15 a NOAP 0.22 b 
24 0.35 c 29.5 0.29 b 
Mean of the standard error= 0.02 
Mean scores in columns with different letters are significantly different at P < 0.05 
Rolled oats 
Storage of rolled oats for a period of 24 months (Figure 20) resulted in an increase 
in TBARS which is significantly influenced by storage duration, temperature and storage 
atmosphere. Table 10 shows that the marked increase was most obvious at the higher 
storage temperature compared to rolled oats samples that were stored at 10°C. The 
presence of the oxygen absorber packets was protective against oxidative damage in 
rolled oats despite the influence of temperature and storage duration (Appendix D, Table 
D.7). TBARS in rolled oats stored for 24 months at 29.5°C are 100 %higher than the 
control samples stored for the same length of time. Fat content of the rolled oats 
(polyunsaturated fat) is probably a contributing factor to these high values, where the 
total gram lipid in oat includes 8-17% glycolipids, and 10-20% phospholipids. The 
content of polar lipid in oat is greater than other cereals and that is because they contains 
relatively high lipid in the endosperm protein of the seed. 
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Figure 20. TBARS values (nmol/ml) of rolled oats stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
Table 10. Mean TBARS(nmoUml) score of rolled oats stored at different 
t t •th (OAP) d ·th t b b k t (NOAP) empera ures WI an WI ou oxygen a sor er pac e s 
Storage Time Temperature Atmosphere Control (-20°C) 
(mo) score (oC) score Type score 
12 0.33 a 10.0 0.38 a OAP 0.39a 0.07 
18 0.41 b 21.0 0.46b NOAP 0.52 b 
24 0.59c 29.5 0.48 b 
Mean of the standard error = 0.02 
Mean scores in columns with different letters are significantly different at P < 0.05 
Appendix E, Table E.6 shows that in the stored rolled oats there was a three way 
interaction among oxygen absorber packets, temperature and time on TBARS. Low 
temperature, shorter storage and the presence of the oxygen absorber packets were all 
protective against TBARS formation. 
Nonfat dry milk 
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Storage of nonfat dry milk under different storage temperatures for a period of 24 
months results in marked oxidative break down of fat represented by an increase in 
TBARS values (Figure 21). From this figure it is obvious that TBARS increased with 
increasing storage time and temperature. There were statistically significant effects on 
TBARS due to storage temperature, storage time and the presence of oxygen in the 
storage package (Table 11). This Table also shows the significant influence of the 
highest temperature in increasing TBARS. 
Storage duration was significantly different from each other, with an increase in 
TBARS value according to an increase in time. The effect of the atmosphere in the 
storage has a significant effect. A decrease in TBARS values were more obvious among 
nonfat dry milk samples that were stored in the presence of the oxygen absorber packets, 
compared to an increase in oxidative damage among samples stored without oxygen 
packets. This was obvious regardless of temperature or storage duration (Appendix D, 
Table D.7). Appendix E, Table E.7 shows that not only there were a significant effect of 
the main storage variables of time, temperature, and oxygen on TBARS, but there was 
also a significant three way interaction among them. Increase storage time resulted in an 
increase in TBARS this was noted even in the control samples. 
18 
12 
'linE (11D) 
0.7 
0.6 
0.5 
OCootrol 
•woAP 
[) lONOAP 
D210AP 
021NOAP 
.29.50AP 
029.5NOAP 
Figure 21. TBARS (nmol/ml) value of nonfat dry milk stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
Table 11. Mean TBARS (nmoVml) score of nonfat dry milk stored at different 
t t 'th (OAP) d 'th t b b k t (NOAP) em_pera ures WI an WI ou oxy2en a sor er pac e s 
Storage Time Temperature Atmosphere Control (-20°C) 
(mo) score (OC) score Type score 
12 0.14 a 10.0 0.19a OAP 0.20a 0.15 
18 0.18 b 21.0 0.20a NOAP 0.24 b 
24 0.34 c 29.5 0.27 b 
Mean of the standard error = 0.01 
Mean scores in columns with different letters are significantly different at P < 0.05 
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The high storage temperature (29.5°C) resulted in markedly increased TBA 
values. Oxygen absorber packets decreased the oxidative rancidity reaction which 
resulted in decreased TBARS in samples contain in the. White rice was the only product 
that shows a slight but not significant influence of the oxygen absorber packets. This 
may be due to low polyunsaturated fatty acid content of white rice (Table 3). 
It is evident from the summary in Table 12 that high storage temperature, longer 
storage and oxygen in the storage package all contribute to oxidative rancidity changes in 
dehydrated foods. It is interesting that stored rice is least influenced by the parameters 
studied. This is because rice is low in lipid content and it also has Jess exposed area than 
all other products, where the rate of oxidation increase in direct proportion to the surface 
area of the lipid exposed to air (Nawar, 1996). 
T bl 12 S a e ummar vc h t t TBARS ar or va ueo fdhd tdt d e 1y1 rae 00 s 
--
Products Temp °C Atmosphere Time (mo) 
10 21 29.5 OAP NOAP 12 18 24 
Potato pearls - -
* 
-
* 
- -
* 
Dried carrot - -
* 
-
* 
-
* ** 
White tice 
- - - - -
- -
* Wheat 
- -
* 
-
* 
-
* ** All purpose flour 
- -
* 
-
* 
-
* ** Rolled oats 
-
* * 
-
* 
-
* ** Nonfat dry milk 
- -
* 
-
* 
-
* ** 
Chart reads with different symbols are significant at (P < 0.05) . 
Wheat functional properties 
Effect of storage condition and moisture 
in wheat germination 
Germination as defined by Black (1970) is the appearance of the first signs of 
growth. The ability of wheat to germinate is considered an indicator of wheat quality 
during storage. Figure 22 shows the percentage germination of stored wheat samples. 
Germinations rate ranged from 77 to nearly 100% (Appendix F, Table F. I). From this 
Figure it was obvious that the drop in germination was attributed mostly to high 
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temperature and longer storage duration. Germination was slightly lower in samples that 
were stored for 24 months at 29.5°C. The percentage germination dropped from 95.3% 
in control to 77.1% in samples stored without OAP. This means that the percent of 
kernels that germinated decreased as storage time increased. 
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Figure 22. Percentage of stored wheat kernel that germinate at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
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The presence of the OAP seems to be slightly protective although this was not 
shown statistically. This is displayed in Table 13 which shows the analysis of variance 
for the percent germination of stored wheat samples. From this table we can see that 
there was no significant OAP effect (P = 0.28), where the significant effect were due to 
temperature and storage duration. There was no significant effect of the two lower 
temperatures (10 and 21 °C) on germination rate, where no significant difference was 
observed between them. Storage at 29.5°C had a significant influence of temperature in 
germination rate P = 0.005. The same also applied with storage time, where a significant 
time effect was noticed after the samples were stored for 24 months. 
Table 13. Estimate % germination values for comparison 
Among treatment means and the 0 05 level of significance 
Contrast 
OAP 
OAP vs. control 
NOAP vs. control 
Temp 10 vs. control 
Temp 21 vs. control 
Temp 29.5 vs. control 
Temp 10 vs. 21 
Temp 10 vs 29.5 
Temp 21 vs. 29.5 
6 mo vs. 12 
6 mo vs. 18 
6 mo vs. 24 
12 mo vs. 18 
12 mo vs. 24 
FD 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
P-value 
0.283 
0.523 
0.051 
0.423 
0.005 
0.011 
0.473 
0.024 
0.005 
0.796 
0.194 
0.004 
0.125 
0.002 
OAP =with oxygen absorber packets, NOAP =no oxygen absorber packets. 
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Moisture values for the stored wheat are shown in Figure 23. A slight drop in 
moisture was noted over the storage time; however, 8-10% moisture in considered 
acceptable levels for stored wheat. 
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Figure 23. Percentage moisture content of wheat samples stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
Oxygen absorber packets, storage temperature and storage time all influence 
moisture retention in stored wheat (Appendix F, Table F.2). There was also a significant 
three way interaction among these main variables. The slow drop in wheat germination in 
this study was attributed mostly to the low moisture content of the wheat samples ranging 
from 8-10 % after the samples were stored for 24 months. That is beside the method of 
packaging, where a vacuum sealing as well as a storage bags with a low exchanging rate 
were used. According to Hoseney, (1986) this was considered as safe moisture level for 
wheat storage, where he considered 14% as safe moisture level. This finding also agrees 
. I 
with what had been reported by Al-Yahya (2000) in his study on the effect of storage 
condition on wheat germination that the percentage germination decreased very slowly at 
low moisture level. 
Wheat gluten 
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Gluten which is a heterogeneous mixture of protein mainly gliadins and glutenins 
is a major storage protein in wheat. This protein is considered very unique because of it is 
ability to form a viscoelastic dough. Hard red wheat produced in the Utah usually 
contains from 11-15% protein (Whitesides, 1995) and is considered as standard for bread 
strength; due to its strong gluten. Wheat samples with sedimentation value of 60 or more 
usually indicate over 14% protein and are of superior gluten quality (Shumway, 1993). 
In this study the quality of wheat samples that were stored at different 
temperatures under the two-storage condition (with and without OAP) over a period of 24 
months was measured by its ability to form gluten. Table 14 lists the average gluten ball 
weight and volume for hard red wheat samples. This table illustrates the effect of storage 
duration and temperature in reducing gluten ball weight and volume. Gluten ball volume 
ranged from 318 ml in the control samples stored with OAP for 6 months to 167.7 ml in 
samples stored for 24 months at 29.5°C. 
Wheat samples that were stored with OAP packages had a larger gluten ball 
volume versus samples stored without OAP. Figure 24, 25, respectively, shows the trend 
of a decrease in gluten ball volume regarding temperature and storage duration. 
Appendix F, Table F.3 shows the significant effect of temperature and storage duration in 
reducing gluten ball volume and that the presence of the (OAP) has a great effect on 
• I 
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wheat quality, where samples stored with OAP had larger gluten ball volume. This is 
evident especially when the samples were stored at 29.5°C, where there suppose to be an 
evidence of wheat protein degradation due to high temperature. At this temperature there 
was a remarkable decrease in gluten ball volume versus the two other temperatures 10, 
21 °C and the control. 
Table. 14 Results of baking characteristics on wheat stored at different temperatures 
( -20, 10, 21, and 29.5°C) with (OAP) and without ox~gen absorber ~ackets (NOAP) 
Gluten ball 
Product Storage Temp Atmosphere Storage Time (OC) (mo) Baked wt (g) Baked vol ml) 
Wheat -20.0 Control 6 54.17 318.0 
12 50.33 259.0 
18 44.66 248.0 
24 43.31 222.0 
10.0 OAP 6 39.04 -r-r ns 259.0 -r-r** 
12 44.41 u** 263 .0 u** 
18 42.31n** 156.0 -r-r ns 
24 41.32-r** 148.7 ns 
NOAP 6 38.21 TI 249.5 
12 36.59u 221.7 't 
18 34.31 TI 155.0 n 
24 37.69 148.0 
21.0 OAP 6 45 .90** 259.0 ns 
12 44.49 nns 263.0 u** 
18 42.12 ns 159.3 u ns 
24 39.83 ns 166.0 't't** 
NOAP 6 41.30 't 249.5 
12 42.20 TI 200.0 
18 40.30-r 156.0n 
24 38.32 150.0 
29.5 OAP 6 37.14* 251.0** 
12 37.36** 195.0 n** 
18 37.96** 171.0 n** 
24 37.89** 164.7** 
NOAP 6 34.20 185.5 't't 
12 31.33 156.3 
18 33 .59 155.0 't't 
24 24.90 128.8 't 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, 
significant at 0.05 level; **,significant at O.Ollevel; ns, Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) 
indicated by;-c, Significant at 0.05 level; n ,Significant at 0.01 level. 
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The decrease was more pronounced after the samples were stored at 29.5°C for 24 
months. At this temperature wheat samples with a larger gluten volume were those 
stored with (OAP). Samples with the smallest gluten ball volume were those stored 
without OAP with 185.5, 156.3, 128.8 mil, respectively (see Table 14). 
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Figure 24. Gluten ball volume of wheat sample stored at different temperatures with 
(OAP) and without oxygen absorber packets (NOAP). 
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Figure 25 Pooled mean gluten ball volume of wheat samples stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
Mean of the standard error = 6.17. 
Mean scores with different letters are significantly different at P < 0.05 . 
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SUMMARY AND CONCLUSIONS 
Summary 
The purpose of this study was to investigate the effect of the presence of the 
oxygen absorber packets (OAP) in extending the shelf life of dehydrated food items. The 
items include: potato pearls, dried sliced apple, dried carrot, white rice, rolled oats, all 
purpose flour, nonfat dry milk, and wheat. These products were stored at four different 
of temperatures (-20, 10, 21, and 29.5°C), and with and without oxygen absorber packets 
for a period of 24 months. Samples were taken 6 months intervals . 
The results indicate that there is effect of storage time and temperature on quality 
of almost all stored food items. Storage of dehydrated food items at high temperature 
(29.5°C) resulted in deterioration of color after the food products were stored for 6-24 
months. The use of oxygen absorber packets appeared not to be protective at this high 
storage temperature. This was observed mostly for products including dried potato 
pearls, dried slice apple, carrot, and white rice. Most of these items showed a significant 
darkening manifested by a drop in lightness (L) and an increase in redness (a) or 
yellowness (b). This may be attributed either to non-enzymatic browning (Maillard 
reaction) or ascorbic acid and beta-carotene degradation. These two vitamins are the 
most heat sensitive vitamins found in dehydrated food (Labuza, 1972). White rice shows 
a significant yellowing when stored at 29.5°C. The presence of the oxygen absorber 
packets were significantly effective in reducing rice yellowing only at the two lower 
temperatures (10 and 21 °C). 
TBARS concentration increased significantly during this study due to both 
temperature and storage duration. The presence of the oxygen absorber packets had a 
significant effect in reducing oxidative damage despite the temperature and storage 
duration effect. 
Wheat moisture content shows a decrease of 2% over time (10-8%) attributed 
mostly to the non permeable packaging used in this study. Germination rate dropped 
from 100-77% in samples that were stored without oxygen absorber packets at 29.5°C, 
but was still considered as an acceptable value for measuring wheat quality. Oxygen 
absorber packets had no overall effect on wheat germination. Mostly germination was 
affected by both temperature and storage duration . 
Gluten ball volume and weight decreased significantly over time and with 
increasing storage temperature. The presence of the oxygen absorber packets had a 
significant effect in preserving wheat quality, where samples that were stored with 
oxygen absorber packets had a larger gluten ball volume. 
Conclusions 
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Oxygen absorber packets have an effect in protecting color of dehydrated food 
products when stored at 10 and 21 °C. Storage of dehydrated food products at 
temperature that exceed room temperature (29.5°C) renders oxygen absorber packets non 
effective in preserving color. However, the effect of oxygen absorber packets was 
significant in retarding oxidative damage for most of the dehydrated products regardless 
of the effect of both temperature and storage duration. Germination of wheat kernel was 
reduced to less than 80% after 24 months of storage at 29.5°C in samples stored without 
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(OAP). However when stored with (OAP), germination was still at 85%. There was a 
decrease in gluten ball volume due to the effects of temperature and storage time. 
Temperature, storage duration, and atmospheric oxygen are significant factors that affect 
quality of stored dehydrated food products. 
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Table A.l 
Analysis of variance for potato pearls L * value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 15.06 0.001 
Temperature 2 14 141.70 <.0001 
OAP by Temp Int 2 14 4.82 0.026 
Time 3 42 146.80 <.0001 
OAP by Time Int 3 42 11.97 <.0001 
Temp by Time Int 6 42 14.41 <.0001 
OAP bJ:' Temr bJ:' Time Int 6 42 02.27 0.055 
Table A.2 
Analysis of variance for potato pearls a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.6 0.475 
Temperature 2 14 2821.8 <.0001 
OAP by Temp Int 2 14 2.5 0.119 
Time 3 42 244.1 <.0001 
OAP by Time Int 3 42 1.2 0.339 
Temp by Time Int 6 42 457.7 <.0001 
OAP b_i' Tem12 b_i' Time Int 6 42 2.1 0.077 
Table A.3 
Analysis of variance for potato pearls b* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 14 0.26 0.621 
Temperature 2 14 448.10 <.0001 
OAP by Temp Int 2 14 0.17 0.845 
Time 3 42 126.10 <.0001 
OAP by Time Int 3 42 2.83 0.049 
Temp by Time Int 6 42 22.83 <.0001 
OAP b_i' Tem12 b_i' Time Int 6 42 1.95 0.095 
Table A.4 Mean lightness score of potato pearls stored at different temperatures 
With (OAP) and without oxygen absorber packets (NOAP) . 
Storage Time (mo) Temp (0 C) 
6 60.13 a 
12 54.20 b 
18 56.45 
24 46.80 c 
10 
21 
29.5 
Mean of the standard error = 1.14 
57.47 a 
56.82 a 
48.90 b 
Atmosphere 
OAP 
NOAP 
55.95 
52.85 
Mean scores with different letters are significantly different at P<0.05 
Control ( -20°C) 
59.48 
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Table A.S 
Analysis of variance for dried sliced apple L * value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 25 .34 0.0002 
Temperature 2 14 98.90 <.0001 
OAP by Temp Int 2 14 17.82 0.0001 
Time 3 42 1030.40 <.0001 
OAP by Time Int 3 42 2.15 0.108 
Temp by Time Int 6 42 11.84 <.0001 
OAP by Temp by Time Int 6 42 20.17 <.0001 
Table A.6 
Analysis of variance for dried sliced apple a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 14 32.75 <.0001 
Temperature 2 14 401.40 <.0001 
OAP by Temp Int 2 14 8.12 0.005 
Time 3 42 130.70 <.0001 
OAP by Time Int 3 42 4.00 0.014 
Temp by Time Int 6 42 52.70 <.0001 
OAP bl' Temr bl' Time Int 6 42 1.74 0.135 
Table A.7 
Analysis of variance for dried sliced apple b* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 14 14.31 0.002 
Temperature 2 14 18.39 0.0001 
OAP by Temp Int 2 14 8.61 0.003 
Time 3 42 323.70 <.0001 
OAP by Time Int 3 42 0.49 0.691 
Temp by Time lnt 6 42 16.80 <.0001 
OAP bl' Temr bl' Time lnt 6 42 6.20 0.0001 
Table A.8 Mean lightness score of dried sliced apple stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
Storage Time (mo) 
6 : 80.25 a 
12 74.80 b 
18 73.50 b 
24 54.96 c 
Temp CCC) 
10 : 71.65 a 
21 73.41 a 
29.5 : 67.57 b 
Mean of the standard error= 0.84 
Atmosphere Control (-20°C) 
OAP : 72.28 a 74.77 
NOAP : 69.47 b 
Mean scores with different letters are significantly different at P< 0 .05 
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Table A.9 
Analysis of variance for dried carrot L * value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.03 0.008 
Temperature 2 14 75 .84 <.0001 
OAP by Temp Int 2 14 1.94 0.181 
Time 3 42 70.48 <.0001 
OAP by Time Int 3 42 4.51 0.008 
Temp by Time Int 6 42 5.54 0.0003 
OAP by Temp by Time Int 6 42 7.13 <.0001 
Table A.lO 
Analysis of variance for dried carrot a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 7.19 0.018 
Temperature 2 14 101.90 <.0001 
OAP by Temp lnt 2 14 0.22 0.807 
Time 3 42 3.11 0.036 
OAP by Time Int 3 42 0.19 0.900 
Temp by Time Int 6 42 3.12 0.013 
OAP bl: Tem12 bl: Time Int 6 42 1.70 0.144 
Table A.ll 
Analysis of variance for dried carrot b* value stored at diffe.rent temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.11 0.0447 
Temperature 2 14 129.20 <.0001 
OAP by Temp Int 2 14 7.92 0.005 
Time 3 42 7.39 0.0004 
OAP by Time Int 3 42 0.88 0.461 
Temp by Time Int 6 42 5.25 0.0004 
OAP by Temp by Time Int 6 42 11.79 <.0001 
Table A.12 Mean lightness score of dried carrot stored at different temperatures 
With (OAP) and without oxygen absorber packets (NOAP). 
Storage Time (mo) Atmosphere Control ( -20°C) 
6 : 31.01 " 
12 32.75 a 
18 30.58 a 
24 22.63 b 
10 
21 
29.5 
Mean of the standard error= 1.35 
32.03 a 
31.61 a 
24.08 b 
OAP 31.01 a 
NOAP : 27.50 b 
Mean scores with different letters are significantly different at P< 0.05 
32.10 
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Table A.13 
Analysis of variance for white rice L * value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.57 0.46 
Temperature 2 14 0.92 0.42 
OAP by Temp Int 2 14 1.32 0.30 
Time 3 42 183.69 <.0001 
OAP by Time Int 3 42 3.60 0.02 
Temp by Time Int 6 42 1.01 0.43 
OAP bl' TemE bl' Time Int 6 42 2.22 0.06 
Table A.14 
Analysis of variance for white rice a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 9.82 0.007 
Temperature 2 14 3.38 0.064 
OAP by Temp lot 2 14 2.68 0.103 
Time 3 42 91.60 <.0001 
OAP by Time Int 3 42 3.25 0.031 
Temp by Time Int 6 42 2.56 0.033 
OAP bl' TemE bl' Time Int 6 42 0.79 0.585 
Table A.15 
Analysis of variance for white rice b* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 1.53 0.0236 
Temperature 2 14 89.60 <.0001 
OAP by Temp lnt 2 14 2.69 0.103 
Time 3 42 5.97 0.002 
OAP by Time lot 3 42 2.01 0.127 
Temp by Time lot 6 42 8.04 <.0001 
OAP bl' TemE bl' Time lnt 6 42 1.22 0.313 
Table A.16 Mean yellowness score of white rice stored at different temperatures 
With (OAP) and without oxygen absorber packets (NOAP). 
Storage Time (mo) Temp (0 C) Atmosphere Control (-20°C) 
6 6.69 a 10 6.46 a OAP 6.82 a 6.10 
12 6.88 a 21 6.48 a NOAP: 7.20 b 
18 7.25 b 29.5 8.09 b 
24 7.22 b 
Mean of the standard error = 0.11 
Mean scores with different letters are significantly different at P< 0.05 
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Table A.17 
Analysis of variance for nonfat dry milk L * value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.38 0.547 
Temperature 2 14 8.03 0.005 
OAP by Temp Int 2 14 0.05 0.947 
Time 3 42 245 .30 <.0001 
OAP by Time Int 3 42 0.04 0.989 
Temp by Time Int 6 42 6.89 <.0001 
OAP by Temp by Time Int 6 42 0.04 1.000 
Table A.18 
Analysis of variance for nonfat dry milk a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.59 0.456 
Temperature 2 14 0.65 0.0538 
OAP by Temp Int 2 14 0.47 0.637 
Time 3 42 211.60 <.0001 
OAP by Time Int 3 42 0.70 0.560 
Temp by Time Int 6 42 0.91 0.495 
OAP by Temp by Time Int 6 42 2.54 0.034 
Table A.19 
Analysis of variance for nonfat dry milk b* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.26 0.620 
Temperature 2 14 5.79 0.015 
OAP by Temp Int 2 14 0.03 0.972 
Time 3 42 24.83 <.0001 
OAP by Time lnt 3 42 1.18 0.328 
Temp by Time Int 6 42 2.80 0.022 
OAP by Temp by Time Int 6 42 0.60 0.725 
Table A.20 Mean lightness score of nonfat dry milk stored at different temperatures 
With (OAP) and without oxygen absorber packets (NOAP). 
Storage Time (mo) Temp (°C) Atmosphere Control ( -20°C) 
6 97.7 a 10 91.9 a OAP 90.6 a 90.3 
12 95.0 b 21 90.0 a NOAP: 90.6 a 
18 90.0 c 29.5 : 89.5 b 
24 79.2 
Mean of the standard error= 0.01 
Mean scores with different letters are significantly different at P< 0.05 
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Table A.21 
Analysis of variance for all purpose flour L * value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 3.65 0.077 
Temperature 2 14 1.31 0.0302 
OAP by Temp Int 2 14 2.97 0.084 
Time 3 42 109.10 <.0001 
OAP by Time Int 3 42 3.49 0.024 
Temp by Time Int 6 42 0.64 0.700 
OAP b~ Temr b~ Time Int 6 42 2.84 0.021 
Table A.22 
Analysis of variance for all purpose flour a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 14 0.42 0.526 
Temperature 2 14 0.18 0.0083 
OAP by Temp lr.t 2 14 2.49 0.119 
Time 3 42 511.90 <.0001 
OAP by Time Int 3 42 2.24 0.097 
Temp by Time Int 6 42 5.65 0.0002 
OAP b~ Temr b~ Time lnt 6 42 1.36 0.251 
Table A.23 
Analysis of variance for all purpose flour b* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 3.08 0.101 
Temperature 2 14 84.09 <.0001 
OAP by Temp Int 2 14 3.69 0.052 
Time 3 42 62.72 <.0001 
OAP by Time Int 3 42 5.18 0.004 
Temp by Time Int 6 42 14.18 <.0001 
OAP b~ Temr b~ Time Int 6 42 2.21 0.062 
Table A.24 Mean lightness score of all purpose flour stored at different temperatures 
With (OAP) and without oxygen absorber packets (NOAP). 
Storage Time (mo) Temp (0 C) Atmosphere Control (-20°C) 
6 95.2 a 10 88.4 a OAP : 88.5 a 86.9 
12 87.4 b 21 87.8 a NOAP: 87.2 a 
18 87.6 b 29.5 85.0 b 
24 74.0 c 
Mean of the standard error = 1.35 
Mean scores with different letters are significantly different at P< 0.05 
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TableA.25 
Analysis of variance for rolled oats L* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.80 0.386 
Temperature 2 14 1.23 0.0321 
OAP by Temp Int 2 14 5.18 0.021 
Time 3 42 140.40 <.0001 
OAP by Time Int 3 42 5.03 0.005 
Temp by Time Int 6 42 1.50 0.203 
OAP b~ TemE b~ Time Int 6 42 2.22 0.060 
Table A.26 
Analysis of variance for rolled oats a* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 0.44 0.518 
Temperature 2 14 3.40 0.053 
OAP by Temp Int 2 14 0.59 0.567 
Time 3 42 16.42 <.0001 
OAP by Time Int 3 42 3.24 0.031 
Temp by Time Int 6 42 1.11 0.376 
OAP b~ TemE b~ Time Int 6 42 0.31 0.929 
Table A.27 
Analysis of variance for rolled oats b* value stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 1.11 0.310 
Temperature 2 14 5.79 O.Ql5 
OAP by Temp Int 2 14 4.09 0.040 
Time 3 42 45.51 <.0001 
OAP by Time Int 3 42 1.27 0.297 
Temp by Time Int 6 42 0.33 0.917 
OAP b~ TemE b~ Time Int 6 42 0.97 0.459 
Table A.28 Mean lightness score of rolled oats stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
Storage Time (mo) Temp (0 C) Atmosphere Control ( -20°C) 
6 68.5 a 10 60.1 a OAP 61.5 a 59.2 
12 : 63.0 b 21 60.3 a NOAP: 57.6 3 
18 60.9 b 29.5 : 58.5 b 
24 : 46.0 c 
Mean of the standard error= 2.0 
Mean scores with different letters are significantly different at P< 0.05 
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Table Bl.(A-C). Hunter colorimeter reading of potato pearls stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
(A) lightness (L*) 
Lightness (L) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Potato -20.0 Control 63.7 64.4 58.6 51.2 
10.0 OAP 66.7 ns 59.7 Tt ns 59.1 ns 51.3 ** 
NOAP 64.5 56.5u 56.6 45.4 't't 
21.0 OAP 65.0 ns 58.8 u ns 59.9 ns 52.3 ** 
NOAP 63.4 56.2 't't 57.1 41.9 't't 
29.5 OAP 50.6 't't ns 48.4 't't ns 53.2 u ns 46.4 u ns 
NOAP 50.0 't't 45.7't't 52.8 't't 43.5 't't 
(B) redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Potato -20.0 Control -1.41 -1.30 -1.60 -2.97 
10.0 OAP -l.l2ns -1.37 ns -1.37 ns -3.13 ns 
NOAP -1.58 -1.38 -1.42 -3.36 
21.0 OAP -0.99* -1.18 ns -1.51 ns 2.59 ns 
NOAP -1.46 -1.33 -1.52 2.84 
29.5 OAP 0.08 't't ns 5.14 't't* 7.40 u ns 7.75Hns 
NOAP 0.54 't't 5.70u 7.76 't't 7.94 't't 
(C) yellowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Potato -20.0 Control 16.1 18.0 18.1 18.7 
10.0 OAP 15.9 ns 17.2 ns 17.3 ns 19.1 ns 
NOAP 15.9 17.7 17.9 19.9 
21.0 OAP 15.2 ns 17.2ns 17.3 ns 18.3* 
NOAP 16.4 17.5 17.5 20.2 
29.5 OAP 18.5 't'! ns 25.9 u ns 25.5 u ns 28.3 't't ns 
NOAP 19.6't'! 26.9 't't 26.4 't't 29.4 't't 
(a) Comparison between OAP and NOAP means: statistical results indicated by; *, 
Significant at 0.05 level;**, Significant at O.Ollevel; ns, Not significant. 
(b) Comparisons between condition mean and the mean of the freezer (control) indicated 
by;-r, Significant at 0.05 level; H, Significant at O.Ollevel. 
(c) All L -value means have standard error equal to 1.14. 
(d) All a- value means have standard error equal to 0.17. 
(e) All b- value means have standard error equal to 0.52. 
81 
Table B2.(A-C). Hunter colorimeter reading of dried sliced apple stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
A lightness (L *) 
Lightness (L) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Apple -20.0 Control 84.4 75.9 74.3 64.5 
10.0 OAP 84.5 ns 76.0 ns 74.5 OS 55.0 n** 
NOAP 82.3 75.9 73.6 51.4 't't 
21.0 OAP 84.0 OS 76.7 OS 75.6 OS 66.0 ** 
NOAP 81.9-r 77.0 74.7 51.4 Tr 
29.5 OAP 75.9 't't* 71.9 't't OS 72.7* 54.6 n** 
NOAP 72.9 't't 71.3 't't 69.9 Tr 51.4 't't 
B redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Apple -20 Control 1.72 1.91 2.18 2.36 
10 OAP 0.82 Tr OS 2.20 OS 2.08 OS 2.08 't OS 
NOAP 1.18-r-r 2.56 't 2.10 2.35 
21 OAP 1.58 OS 2.39 't OS 2.27 OS 3.28 Tr* 
NOAP 1.75 2.48-r 2.45 3.95 't 
29.5 OAP 0.82 -:-r** 3.95 n * 4.63 Tr ns 4.10 n** 
NOAP 2.55 Tr 4.60 Tr 4.93 't't 4.91 Tt 
C ~ellowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12 Mo. 18 Mo. 24Mo. 
Apple -20.0 Control 23.2 25.7 23.8 28.6 
10.0 OAP 15.2 n ** 26.0 OS 24.1 OS 27.6 OS 
NOAP 18.7 n 26.5 24.6 28.3 
21.0 OAP 18.6 n ** 25 .7 OS 23.9 OS 26.5 OS 
NOAP 22.4 25.7 24.4 27.9 't 
29.5 OAP 15.3 n ** 25.5 OS 26.9 't't OS 31.0 't't OS 
NOAP 19.5 n 26.9 27.9 n 32.4n 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, 
Significant at 0.05 level;**, Significant at 0.01 level; ns, Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) 
indicated by;-r, Significant at 0.05 level; compared;n ,Significant at 0.01level. 
(c) All L- value means have standard error equal to 0.84. 
(d) All a - value means have standard error equal to 0.19. 
(e) All a - value means have standard error equal to 0.67. 
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Table B3.(A-C). Hunter colorimeter reading of dried carrot stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
(A) lightness (L *) 
Lightness (L) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Canot -20.0 Control 36.4 34.9 35.3 21.8 
10.0 OAP 33.4 ns 34.6 ns 37.3 ns 25.7 ns 
NOAP 33.0 33.1 36.7 22.5 't 
21.0 OAP 36.8 n** 39.5 't** 33.6* 27.9** 
NOAP 30.9 32.8 29.5 't't 21.9 't't 
29.5 OAP 26.5 't't ns 30.1 't* 24.6 n ns 22.2** 
NOAP 25.5 't't 26.4 't't 21.8 't't 15.6 't't 
(B) redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Canot -20.0 Control 11.1 12.0 10.4 12.7 
10.0 OAP 11.1 ns 9.12 't ns 10.7 ns 11.7 ns 
NOAP 12.2 10.8 't 12.5 12.4 
21.0 OAP 10.1 ns 9.77 ns 9.23 ns 9.25 n ns 
NOAP 11.4 11.6 9.65 9.55 't 
29.5 OAP 15.8 't ns 15.5 n ns 13.7 ~'t ns 13.1 't't ns 
NOAP 18.1't't 16.5 n 15.8 't't 14.9 't 
__ j_C) ~llowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12 Mo. 18 Mo. 24Mo. 
Canot -20 Control 13.3 12.8 12.4 18.5 
10 OAP 13.2 ns 11.4** 11.9 't* 14.9 't't ns 
NOAP 14.9 16.7 't't 15.1 't 16.4 
21 OAP 12.6 ns 11.7 't't** 10.9* 13.1 n* 
NOAP 14.4 17.3 n 13.9 15.8 't 
29.5 OAP 7.66 Tt** 18.1 't't ns 14.7't'tns 15.2 't't ns 
NOAP 12.9 18.5 't't 16.6 't't 17.2 
(a) Comparison between (OAP) and (NOAP) means: statistical results indicated by; *, 
Significant at 0 .05 level;**, Significant at 0.01 level; ns, Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) 
indicated by;-r, Significant at 0.05 level; compared;n, Significant at O.Ollevel. 
(c) All L -value means have standard error equal to 0.35. 
(d) All a- values means have standard error equal to0.83. 
(e) All b- value means have standard error equal to 0.36. 
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TableB4. (A-C). Hunter colorimeter reading of white rice stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
(A) lightness (L *) 
Lightness (L) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
White rice -20.0 Control 57.1 56.2 56.3 48.2 
10.0 OAP 59.3 't ns 58.5 ns 53.3 't'tllS 52.5 't't ns 
NOAP 59.2 't 56.7 't 52.5 't't 50.9 't 
21.0 OAP 60.1 * 57.6 ns 54.1 't ns 50.9 't ns 
NOAP 58.0 't't 56.7 52.9 't't 50.5 't 
29.5 OAP 61.1 't't ns 57.8 ns 53.9 't't ns 52.7 H** 
NOAP 59.7 't 57.6 52.5 't 49.4 't 
(B) redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
White rice -20.0 Control -1.02 -0.69 -1.12 -1.04 
10.0 OAP -1.08 ns -0.72 ns -1.11 ns -1.08 ns 
WOAP -1.07 -0.73 -1.13 -1.05 
21.0 OAP -1.05 ns -0.75 ns -1.14 ns -1.05** 
WOAP -0.07 -0.68 -1.05 ··0.85 't't 
29.4 OAP -1.11 ns -0.63 ns -0.99 't ns -1.19 -r** 
WOAP -1.04 -0.63 -1.03 -0.25 
(C) yellowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12 Mo. 18 Mo. 24Mo. 
White rice -20.0 Control 6.09 6.11 6.25 5.98 
10.0 OAP 6.46 ns 6.33 ns 6.41 ns 6.24 ns 
NOAP 6.57 6.85 6.48 6.39 
21.0 OAP 6.37 ns 6.19 ns 6.33 ** 6.21 ns 
NOAP 6.61 't 6.62 't 7.05 't 6.49 
29.5 OAP 7.05 't ns 7.29 n** 8.05 n** 9.00 't't ns 
NOAP 7.11-r 8.03 't't 9.22 't't 9.01 't't 
(a) Comparison between OAP and NOAP means: statistical results indicated by; *, 
Significant at 0.05 level; **,Significant at O.Ollevel; ns, Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) 
indicated by;T, Significant at 0.05 level; compared;n, Significant at 0.01 level. 
(c) All L- value means have standard error equal to 0.77. 
(d) All a- value means have standard error equal to 0.05. 
(e) All b- value means have standard error equal to 0.11. 
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Non significant data (color) 
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Table C. l(A-C) Hunter colorimeter reading of nonfat dry milk stored at different temperatures with (OAP) 
and without oxygen absorber packets (NOAP). 
(A) lightness (L *) 
Lightness (L) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Non fat dry Milk -20.0 Control 97.8 95 .3 90.0 78.0 
10.0 OAP 97 .9 ns 95.3 ns 90.1 ns 85.1 't't ns 
NOAP 97.4 94.7 89.9 84.3 't"C 
21.0 OAP 97.9 ns 95.3 ns 90.0 ns 77.6 ns 
NOAP 97 .8 95.1 89.9 76.6 
29.4 OAP 97.7 ns 95.1 ns 89.9 ns 75 .8 ns 
NOAP 97 .9 94.5 89.9 75 .8 
(B) redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Non fat dry milk -20.0 Control -2.00 -1.53 -1.48 -3.39 
10.0 OAP -1.75 ns -1.26 ns -1.48 ns -3.47** 
NOAP -1.84 -1.44 -1.62 -2.94 
21.0 OAP -1.93 ns -1.36 ns -1.60 ns -2.78* 
NOAP -1.98 -1.36 -1 .46 -3.20 
29.4 OAP -1.71 ns -1.31 ns -1.43 ns -3.04 ns 
NOAP -1.85 -1.46 -1.55 -2.89 't 
(C) yellowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Non fat dry milk -20.0 Control 11.5 12.9 12.5 12.7 
10.0 OAP 10.7 ns 12.3 ns 12.4 ns 12.5 ns 
NOAP 11.1 12.5 12.9 13.0 
21.0 OAP 11.9 ns 12.5 ns 12.4 ns 12.7 ns 
NOAP 12.4 12.6 12.7 13.0 
29.4 OAP 10.9 ns 13.0 ns 13.2 ns 13.1 ns 
NOAP 11.5 13.3 13.4 13.8 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, significant at 0.05 level ; 
**,significant at 0.01 level ; ns, Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) indicated by: 't', 
Significant at 0.05 level 't't, Significant at 0.01 level. 
(c) All L -value means have standard error equal to 0.01. 
(d) All a- value means have standard error equal to 0.1 3. 
(e) All b - value means have standard error equal to 0.36. 
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Table C.2 (A-C) Hunter colorimeter reading of all purpose flour stored at different temperatures with (OAP) and 
without oxygen absorber packets (NOAP). 
(A) li htness (L *) 
Lightness (L) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
All purpose flour -20.0 Control 95.4 87.5 87.8 87.0 
10.0 OAP 95.4 ns 87.4 ns 87.8 ns 84.0 -c ns 
NOAP 95.3 87.4 87.7 82.0n 
21.0 OAP 95.4 ns 87.4 ns 87 .8 ns 81.2 -c ns 
NOAP 95.3 87.4 87.7 80.2 '"C 
29.4 OAP 94.9 ns 87.3 ns 87.4 ns 71.4 •• 
NOAP 94.7 87.2 87.3 70.0n 
(B) redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
All purpose flour -20.0 Control 0.11 0.78 0.66 0.08 
10.0 OAP 0.28 u ns 0.84 ns 0.66 ns 0.04* 
NOAF 0.32 .. 0.84 0.66 0.15 
21.0 OAP 0.23 u ns 0.76 ns 0.56 ns 0.20 n ns 
NOAP 0.25 '"C 0.80 0.69 0.26-c 
29.4 OAP 0.24 -c* 0.91 -c* 0.67 ns 0.08 ns 
NOAP 0.34 .. 0.79 0.74 0.09 
(C) z-ellowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12 Mo. 18 Mo. 24Mo. 
All purpose flour -20.0 Control 7.13 8.63 8.37 8.30 
10.0 OAP 7.48* 8.40 ns 8.36 ns 8.31 ns 
NOAP 8.01 '"C'"C 8.61 8.38 8.33 
21.0 OAP 7.53 -c ns 8.36 ns 8.39 ns 8.33 ns 
NOAP 7.63 8.60 8.49 8.43 
29.4 OAP 7.00** 9.22 -c ns 9.40 n ns 10.4uns 
NOAP 8.48 n 9.40n 9.65n 10.6 '"C'"C 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, Significant at 0.05 
level; **, significant at 0.01 level; ns, Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) indicated by: -c, 
significant at 0.05 level n, Significant at 0.01 level. 
(c) All L -value means have standard error equal to 1.35. 
(d) All a- value means have standard error equal to 0.04. 
(e) All b- value means have standard error equal to 0.18. 
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Table C.3 (A-C). Hunter colorimeter reading of rolled oats stored at different temperatures with (OAP) and 
without oxygen absorber packets (NOAP). 
(A) lightness (L *) 
Lightness (L) 
product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Rolled oats -20.0 Control 71.1 62.1 60.8 62.6 
10.0 OAP 70.7* 62.2 ns 62.0 ns 53 .1 -c** 
NOAP 63 .8 62.2 57.4 47 .5 't't 
21.0 OAP 74.6** 61.7 ns 64.2 ns 46.7 't't 
NOAP 66.9 62.1 61.8 44.5 't't 
29.4 OAP 68.9 ns 65.0 ns 61.7 ns 42.2 't't 
NOAP 66.1 64.6 58.4 41.7 't't 
(B) redness (a*) 
Redness (a) 
Product Storage Temp°C atmosphere 6Mo. 12 Mo. 18Mo. 24Mo. 
Rolled oats -20.0 Control 2.42 4.20 3.55 3.22 
10.0 OAP 2.80 ns 3.90 ns 3.38 ns 2.33 't* 
NOAP 3.05 3.96 3.58 3.38 
21.0 OAP 2.68 ns 3.28 't ns 3.10 ns 2.20 't* 
NOAP 2.98 3.28-c 3.45 2.98 
29.4 OAP 2.76 ns 3.97 ns 3.30 ns 2.85 ns 
NOAP 2.82 4.32 3.40 3.16 
(C) :tellowness (b*) 
Yellowness (b) 
Product Storage Temp°C atmosphere 6Mo. 12 Mo. 18 Mo. 24Mo. 
Rolled oats -20.0 Control 15.2 19.7 19.2 21.4 
10.0 OAP 14.3 ns 18.7 ns 17.0 ns 19.2 ns 
NOAP 14.4 19.2 18.7 19.3 
21.0 OAP 14.6 ns 17 .1 * 18.2 ns 21.4* 
NOAP 14.7 19.7 't 19.0 18.3 't 
29.4 OAP 14.3 ns 19.5 ns 19.5 ns 20.4 ns 
NOAP 16.5 19.9 20.4 21.5 't 
(a) Comparison between OAP and NOAP means: statistical res ults indicated by;*, significant at 0.05 level ; 
**,significant at 0.01 level ; ns , Not significant. 
(b) Comparisons between each condition mean and the mean of the freezer (control) indicated by: 't, 
significant at 0.05 level n, significant at 0.01 level. 
(c) All L -value means have standard error equal to 2.00. 
(d) All a- value means have standard error equal to 0.28. 
(e) All b- value means have standard error equal to 0.84. 
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Table D.l TBARS value of potato pearls stored at different temperatures with (OAP) 
and without oxygen absorber packets (NOAP). 
TBARS Values (nmol/ml) 
Product Storage Temp°C atmosphere 12Mo. 18Mo. 24Mo. 
Potato -20.0 Control 0.06 0.15 0.16 
10.0 OAP 0.10 n** 0.14 ** 0.20 't't** 
NOAP 0.20 "t't 0.20 'tt 0.27 'tt 
21.0 OAP 0.10-r** 0.17** 0.32 ** 
NOAP 0.30 "t't 0.25 'tt 0.45 'tt 
29.5 OAP 0.30 n** 0.38 n** 0.48 n** 
NOAP 0.42 "t't 0.44 'tt 0.56 'tt 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, 
Significant at 0.05 level;**, Significant at 0.01 level; ns, Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by; 't', significant at 0.05 level H, significant at 0.01 level. 
(c) All TBARS value means have standard error equal to 0.02. 
Table D.2 TBARS values of dried carrot stored at different temperatures with and 
without oxygen absorber packets. 
TBARS Values (nmol/ml) 
Product Storage Temp°C atmosphere 12Mo. 18 Mo. 24Mo. 
Carrot -20.0 Control 0.08 0.08 0.15 
10.0 OAP 0.11 ns 0.18 H** 0.44 H ns 
NOAP 0.11 0.25H 0.45 H 
21.0 OAP 0.06 ns 0.28 't' ns 0.38 H** 
NOAP 0.05 0.28 't' 0.62't''t' 
29.5 OAP 0.07 ns 0.30 ns 0.42 H** 
NOAP 0.06 0.30 0.70H 
(a) Comparison between OAP and NOAP means: statistical results indicated by; *, 
Significant at 0.05 level;**, Significant at 0.01level; ns, Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by; 't', significant at 0.05 level 't''t', significant at 0.01 level. 
(c) All TBARS value means have standard error equal to 0.01. 
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TableD .3 TBARS values of white rice stored at different temperatures with (OAP) and 
without ox~gen absorber Qackets (NOAP). 
TBARS Values (nmol/ml) 
Product Storage Temp°C atmosphere 12Mo. 18 Mo. 24Mo. 
Rice -20.0 Control 0.11 0.11 0.17 
10.0 OAP 0.10 ns 0.11 ns 0.17 ns 
NOAP 0.13 0.15 0.19 
21.0 OAP 0.11 ns 0.12 ns 0.33 ns 
NOAP 0.12 0.21 0.39 
29.5 OAP 0.10 ns 0.16 ** 0.31 ns 
NOAP 0.13 0.25 1:'t 0.41 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, 
Significant at 0.05 level; **,Significant at 0.01 level; ns, Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by;'!, Significant at 0.05 level'!'!, significant at 0.01 level. 
(c) All TBA value means have standard error equal to 0.08. 
Table D.4 TBARS values of wheat stored at different temperatures with (OAP) and 
without oxygen absorber packets (NOAP). 
TBARS Values (nmollml) 
Product Storage Temp°C atmosphere 12Mo. 18 Mo. 24Mo. 
Wheat -20.0 Control 0.08 0.09 0.15 
10.0 OAP 0.08 ns 0.13 ns 0.41n** 
NOAP 0.08 1:'t 0.13 0.48 1:'t 
21.0 OAP 0.07** 0.11 n** 0.43 n** 
NOAP 0.13 't't 0.19 't't 0.48 1:'t 
29.5 OAP 0.16 H** 0.20 H** 0.49 H** 
NOAP 0.20 't't 0.30 1:'t 0.56 't't 
(a) Comparison between (OAP) and (NOAP) means: statistical results indicated by; *, 
Significant at 0.05 level;**, Significant at O.Ollevel; ns =Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by; 't, Significant at 0.05 level;n, significant at O.Ollevel. 
(c) All TBA value means have standard error equal to 0.01. 
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Table D.S TBARS values of all purpose flour stored at different temperatures with (OAP) 
and without oxygen absorber (NOAP). 
TBARS Values (nmollml) 
Product Storage Temp°C atmosphere 12Mo. 18Mo. 24Mo. 
Flour -20.0 Control 0.02 0.02 0.13 
10.0 OAP 0.02 ns 0.15 't't ns 0.29 't'tns 
NOAP 0.02 0.16 0.32 't't 
21.0 OAP 0.02 ns 0.07** 0.26 n ns 
NOAP 0.06 0.17 0.30 't't 
29.5 OAP 0.02 * 0.29 't't ** 0.47 n ns 
NOAP 0.08 't't 0.39 't't 0.50 't't 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, 
Significant at 0.05 level; **,Significant at 0.01 level; ns, Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by; 't, Significant at 0.05 level n, significant at 0.01 level. 
(c) All TBA value means have standard error equal to 0.02. 
Table D.6 TBARS values of rolled oats stored at different temperatures with (OAP) and 
without oxygen absorber packets (NOAP). 
TBARS Values (nmollml) 
Product Storage Temp°C atmosphere 12Mo. 18Mo. 24Mo. 
Rolled Oats -20.0 Control 0.15 0.16 0.16 
10.0 OAP 0.27 't't 0.31 n** 0.41 't't** 
NOAP 0.28 't't 0.41 't't 0.65 't't 
21.0 OAP 0.35 n ns 0.35 n** 0.57 't't** 
NOAP 0.40 't't 0.46n 0.68 't't 
29.5 OAP 0.35 n** 0.40 't't** 0.54 n** 
NOAP 0.53 't't 0.57 't't 0.70n 
(a) Comparison between OAP and NOAP means: statistical results indicated by; *, 
Significant at 0.05 level;**, Significant at 0.01 level; ns, Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by; 't, significant at 0.05 level n, significant at O.Ollevel. 
(c) All TBARS value means have standard error equal to 0.02. 
Table D.7 TBARS values of nonfat dry milk stored at different temperatures with (OAP) 
and without oxygen absorber packets (NOAP). 
TBARS Values (nmol/ml) 
Product Storage Temp°C atmosphere 12Mo. 18Mo. 24Mo. 
Milk -20.0 Control 0.09 0.09 0.25 
10.0 OAP 0.12'tns 0.14'tns 0.20* 
NOAP 0.14 't 0.14't 0.33 't 
21.0 OAP 0.13 't** 0.16'tns 0.26 * 
NOAP 0.23 't't 0.16 't 0.29 't 
29.5 OAP 0.11 ** 0.17 't't** 0.43 't't ns 
NOAP 0.16 't't 0.31 n 0.44n 
(a) Comparison between OAP and NOAP means: statistical results indicated by;*, 
Significant at 0.05 level; **, significant at 0.01 level; ns, Not significant. 
(b) Comparison between each condition mean and the mean of the freezer (control) 
indicated by; 't, Significant at 0.05 level 't't, significant at 0.01 level. 
(c) All TBARS value means have standard error equal to 0.01. 
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APPENDIXE 
Additional statistical analysis (TBARS) 
Table E.l 
Analysis of variance for TBARS value of potato pearls stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
Source Num Den 
df df 
OAP 12 
Temperature 2 12 
OAP by Temp Int 2 12 
Time 3 24 
OAP by Time Int 3 24 
Temp by Time Int 6 24 
OAP by Temp by Time Int 6 24 
Table E.2 
F- value 
.191.10 
387.48 
6.44 
144.99 
8.25 
8.28 
0.61 
P- value 
<.0001 
<.0001 
0.0126 
<.0001 
0.0019 
0.0002 
0.6610 
Analysis of variance for TBARS value of dried carrot stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
Source Num Den 
df df F- value P- value 
OAP 1 12 108.88 <.0001 
Temperature 2 12 22.36 <.0001 
OAP by Temp Int 2 12 9.24 0.0037 
Time 3 24 1631.41 <.0001 
OAP by Time Int 3 24 il6.53 <.0001 
Temp by Time Int 6 24 24.50 <.0001 
OAP by Temp by Time Int 6 24 29.71 <.0001 
Table E.3 
Analysis of variance for TBARS value of white rice stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
Source Num Den 
df df 
OAP 1 12 
Temperature 2 12 
OAP by Temp Int 2 12 
Time 3 24 
OAP by Time Int 3 24 
Temp by Time Int 6 24 
OAP by Temp by Time Int 6 24 
F- value 
4.36 
0.03 
0.52 
7.61 
1.13 
3.49 
0.91 
P- value 
0.0589 
0.9689 
0.6.091 
0.0028 
0.3399 
0.0221 
0.4736 
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Table E.4 
Analysis of variance for TBARS value of wheat stored at different temperatures 
with (OAP) and without oxygen absorber packets (NOAP). 
Source Num Den 
df df 
OAP 1 12 
Temperature 2 12 
OAP by Temp Int 2 12 
Time 3 24 
OAP by Time Int 3 24 
Temp by Time Int 6 22 
OAP by Temp by Time Int 6 22 
Table E.S 
.F- value 
8.54 
0.49 
0.70 
193.71 
3.02 
6.28 
0.53 
P- value 
0.0128 
0.6216 
0.5166 
<.0001 
0.0677 
0.0013 
0.7154 
Analysis of variance for TBARS value of all purpose flour stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
Source Num Den 
df df 
OAP 1 12 
Temperature 2 12 
OAP by Temp Int 2 12 
Time 3 24 
OAP by Time Int 3 24 
Temp by Time Int 6 24 
OAP by Temp by Time Int 6 24 
Table E.6 
F- value 
20.32 
81.84 
2.41 
371.69 
1.28 
17.93 
0.91 
P- value 
0.0007 
<.0001 
0.1320 
<.0001 
0.2959 
<.0001 
0.4765 
Analysis of variance for TBARS value of rolled oats stored at different 
temperatures with (OAP) and without oxygen absorber packets (NOAP). 
Source N um Den 
df df F- value P- value 
OAP 12 141.52 <.0001 
Temperature 2 12 51.02 <.0001 
OAP by Temp lnt 2 12 5.21 0.0236 
Time 3 24 186.33 <.0001 
OAP by Time Int 3 24 6.90 0.0043 
Temp by Time lnt 6 24 3.32 0.0297 
OAP by Temp by Time Int 6 24 4.92 0.0049 
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Table E.7 
Analysis of variance for TBARS value of nonfat dry milk stored at different 
temEeratures with (OAP) and without oxJ:'gen absorber Eackets (NOAP). 
Source Num Den 
df df F- value P- value 
OAP I 12 67.96 <.0001 
Temperature 2 12 78 .83 <.0001 
OAP by Temp Int 2 12 6.33 0.1033 
Time 3 24 454.99 <.0001 
OAP by Time Int 3 24 2.94 0.0723 
Temp by Time Int 6 24 40.73 <.0001 
OAP by Temp by Time Int 6 24 11.95 <.0001 
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APPENDIXF 
Statistical analysis of the germination, 
moisture, and gluten ball volume, weight of stored wheat 
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Table. F.l Percentage of stored wheat kernel that germinate at different temperatures 
(-20, 10, 21, and 29.5°C) with and without oxygen absorber packets. 
% Germination 
Product Storage Temp°C atmosphere 6Mo. 12Mo. 18 Mo. 24Mo. 
Wheat -20.0 Control 98.67 99.00 97.89 95.33 
10.0 OAP 98.67 96.11 95.78 95.11 
NOAP 96.89 96.11 95.56 94.00 
21.0 OAP 97.11 99.44 96.44 96.22 
NOAP 96.67 98.67 97.78 95.78 
29.5 OAP 97.78 98.44 92.44 86.22 
NOAP 96.22 97.56 89.11 77.11 
Table F.2 
Analysis of variance of moisture content for wheat stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 22.07 0.0003 
Temperature 2 14 0.66 0.0358 
OAP by Temp Int 2 14 1.29 0.3048 
Time 3 42 159.42 <.0001 
OAP by Time Int 3 42 1.44 0.0246 
Temp by Time Int 6 42 0.22 0.0046 
OAP by Temp by Time Int 6 42 4.99 0.0006 
Table F.3 
Analysis of variance for gluten ball volume of wheat stored at different 
temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 20.43 0.0005 
Temperature 2 14 80.74 <.0001 
OAP by Temp Int 2 14 121.99 <.0001 
Time 3 42 229.20 <.0001 
OAP by Time Int 3 42 67.64 <.0001 
Temp by Time Int 6 42 70.26 <.0001 
OAP by Temp by Time Int 6 42 17.51 <.0001 
Table F.4 
Analysis of variance gluten ball weight of wheat stored at different temperatures 
Source Num Den 
df df F- value P- value 
OAP 1 14 41.44 <.0001 
Temperature 2 14 22.39 <.0001 
OAP by Temp Int 2 14 15.29 0.0003 
Time 3 42 43.99 <.0001 
OAP by Time Int 3 42 9.91 <.0001 
Temp by Time Int 6 42 12.75 <.0001 
OAP by Temp by Time Int 6 42 19.50 <.0001 
OAP = with oxygen absorber packets, NOAP = no oxygen absorber packets. 
